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Geograiihica] disbribulion and migrations of (isb — of tesCacea — 
of aoopbywa — Dislributinn of insects — Migratory inBtincts of 
some species — CerUio types characleriie particular counCries 
— Tbcir means of disscnunatioa — Geograpiiical distribution 
and diffusion of man — Speculations as to the birth-place of Ihe 
human species — Progress of human population — Drifting of 
canoes to vast distances — On the iuToluntary influence of man 
in extending the range of many other species. 

Geographical IHstribution and Migrations of Fiah. — 
Although we are less acquainted with the habita- 
tions of marine animals tlian with the grouping of the 
terrestrial species before described, yet it is well 
aacertained that their distribution is governed by the 
same general laws. The testimony borne by MM. 
F^Ton and Lesucur to this important fact is remark- 
ably strong. These eminent naturalists, aflicr collect- 
tag and describing many thousand species of marine 
anunals which they brought to Europe from the south- 
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e MIGHATIOSS OF FISH. [Bookll 

ern hemisphere, insist most emphatically on their dii 
tin ctness from those north of the equator; and th 
remark they extend to animalB of all classes, froi 
those of a more simple to those of a more comple 
organization — from the sponges and. reeduSK to tli 
cetacea. " Among all those which we have been abl 
to examine," say they, "with our own eyes, or wit:^ 
regard to which it has appeared to us possible to pro 
nounce with certainty, there is not a single anime 
of the southern regions which is nut distinguished b, 
essential characters from the analogous species in th 
northern seas."* 

Tlie fish of the Arabian gulf are said to diffe 
entirely from those of the Mediterranean, notwith 
standing the proximity of these seas. The flying-fisi 
are found (some stragglers excepted) only betwea 
the tropics ; in receduig from the Line, they nevei 
approach a higher latitude than the fortieth parallel 
Those inhabiting the Atlantic are said to be differeni 
species from those of the eastern ocean. f The elec 
trie gymnotus belongs exclusively to America ; thi 
trembler, or Siltems eUctricus, to the rivers of Africa 
but the torpedo, or cramp-fish, is said to be dispersei 
over all tropical, and many temperate seas.j: 

All are aware, that there are certain fish of passagi 
which have their periodical migrations, like some tribe 
of birds. The salmon, towards the season of spawn 
ing, ascends the rivers for hundreds of miles, leapinj 
up the cataracts which it meets in its course, and thei 
retreats again into the depths of the ocean. Thi 

• Sur Us Habitations dcs Animaui Muriiis.— Anti. du Mus. 
turn, iv,, cited by Prichard.Phjs. Hist, of Mankind, vol i, p. 51 
t Maltc-BruD, toI, i, p. 507. ( Ibid. 



and the haililock, after frequenting certain 
n vast shoals, for a series of years, desert them 
and resort to other stations, followed by the 
I vhich prey on them. Eels are said to descend 
for the purpose of producing their young, 
are seen returning into the fresh water by 
oynadB, extremely small in size, but possessing the 
power of surmounting every obstacle which occurs in 
tfie course of a river, by applying their slimy and glu- 
liiiou! bodies to the surface of rocks, or the gates of a 
iocli, even when dry, and so climbing over it, • 

Gtnelin says, that the anseres subsist, in their 
■nigTBtions, on the spawn of fish ; and that oftentimes, 
"ben Uiey void the spawn, two or three days after- 
'trds, the eggs retain their vitality uiiimpaired.f 
When diere are many disconnected freshwater lakes 
n B mountainous region, at various elevations, each 
fmote from the other, it lias often been deemed 
"icoQceivable how they could all become stocked with 
Gsh from one common source ; but it has been sug- 
KMteii, that the minute eggs of these animals may 
WEetlmes be entangled in the feathers of water-fowl. 
These, when they alight to wash and plume them- 
«l'ea in the water, may often unconsciously contribute 
lo propagate swarms of fish, which, in due season, 
"in supply them with food. Some of the water- 
lieetles, also, as the dyticidse, are amphibious, and in 
'i^t eiening quit their lakes and pools, and, fiying in 
^^ air, transport the minute ova of fishes to distant 
'^"eri. In this manner some naturaUsts account for 
the fry of tish appearing occasionally in small pools 
ouied by heavy rains. 

Pliil. Trans., 1747, p. 395. + Amien. Acad., Essay 75. 



4 GEOGEAPHICAI, DISTRIBUTION AKD [Boi* III. 

Geographical Distribution and Migrations of Teitacea, 

The testacea, of which ho groat a variety of apeciea 
occurs in the sea, are a class of animals of peculiar 
importance to the geologist, because their remains are 
fljund in strata of all ages, and generally in a higher 
Btate of preservation than those of other organic beings. 
Climate has a decided influence on the geographical 
distribution of species in this class ; but as there is 
.much greater uniformity of temperature in the waters 
of the ocean, than in the atmosphere which invests the 
land, the difiusion of many marine moHuscs is exten- 
sive. 

Causes which limit the extension of many species. — 
Some forms, as those of the nautili, voluts, and 
cyprEeic, attain their fullest development in warm lati- 
tudes ; and most of their species are exclusively con- 
fined to them. P6ron and Lesueur remark, that the 
Haliotis gigantea of Van Diemen's Land, and the 
Pbasianella, diminish in size as they follow the coasts 
of New Holland to King George's Sound, and entirely 
^appear beyond tliem.* Almost all the species of 
South American shells dilfer from those of the Indian 
Archipelago in the same latitudes ; and on the shores 
of many of the isles of the South Pacific, peculiar 
species have been obtained. But we are as yet by no 
means able to sketch out the submarine provinces of 
shells, as the botanist has done those of the terrestrial, 
and even of the subaqueous plants. There can be 
little doubt, however, that the boundaries in this case, 
both of latitude and longitude, will be found in general 
well defined. The continuous lines of continents, 
stretching from north to south, prevent a panicular 
^ecies from belting the globe, and following the 
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' Ann. du Mus. d'Hisl. Nat, tc 



direction of the isothermal lines. The inhabitants of 
the West Indian seas, for esainple, cannot enter the 
Pacific, without passing round through the inclement 
diiMte of Cape Horn, Currents also flowing- per- 

nently in certain directions, and the influx at cer- 
tsin pomts of great bodies of fresh water, limit the 
Ktension of many species. Those which love deep 
water are arrested by shoals ; others, fitted for shallow 
Kdi, cannot migrate across unfathomable abysses. 

Great range of some species. — Some few species, 
however, have an immense range, as the Sulla ajierta, 
ibt eiample, which is found in almost all zones. The 
liabliation of the Sulla striata extends from the 
slioree of Egypt to the coasts of England and France, 
sod it recurs again in the sea^ of Senegal, Brazil, and 
Ihe West Indies. The Turbo petraius inhabits the 
*»! of England, Guadaloupe, and the Cai)e of Good 
Hope •, and many instances of a similar kind might be 
enumerated. 

lie lanthina fragilis has wandered into almost 
every sea, both tropical and temperate. This " com- 
"lon oceanic snail" derives its buoyancy from aii 
B^rably- contrived float, which has enabled it not 
"tly to disperse itself so universally, but to become an 
ictive agent in disseminating other species, which 
Utsch themselves, or their ova, to its shell. -{- 

it a evident that, among the testacea, as in plants 

' Fir. Alt. Geogr, Phjs. Diet. CUsi d'Hist. Nat. 

t Mr. BrodeHp possesses specimens of lanthina fragilis, bear- 
'"Jnwre tlmn one species of barnacle (Fentelasniii,) presented 
•"« lij Captain King and Lieuwnant Otaves. 
■Mmens, uken alive by Captain King far at so 
owh of (be equator, is so loaded with ihose cirrhi 

us ova, that all the upper port of its sbell U UHiu\iW. 

e 3 




GEO GRAPHIC AL 

and the higher order of animals, there are species 

which have a power of enduring a wide range of tem- 

t perature, whereas others cannot resist a considerable 

kvhange of climate. Among the freshwater molluscs, 

lad those which breathe air, F^russac mentions a few 

. of species of almost universal dijfusion, 

• The Helix putris [Saccinea putri* Lam.), so common 

tin Europe, where it reaches from Norway to Italy, is 

I ilso found in Egypt, in the United States, in New- 

^undland, Jamaica, Tranquehar, and, it is even said, 

i;the Marianne Isles. As this animal inhabits coa- 

Rttantly the borders of pools and streams where there 

I much moisture, it is not impossible that different 

rater-fowl have been the agents of spreading some of 

■js minute eggs, which may have been entangled in 

r dieir feathers. Helix aspersa, one of the commoneBt 

jflf our larger land-shells, is found in South America, 

it the foot of ChimboraKo, as also in Cayenne. Some 

mchologists have conjectured that it was accident- 

mported in some ship i for it is an eatable species, 

md these animals are capable of retaining life during 

Blong voyages, without air or nourishment." 

Confined range of others. — Mr. Lowe, in a memoir 
jubltsbed in the Cambridge Transactions in 1831, enu- 
iperates seventy-one species of land mo II u sea, collected 
y him in the islands of Madeira and Porto Santo, sixty 

ir individunls of a large species of Buliraus, from Val- 
wcrc brought lo England by Lieutenant Graves, who 
nied Captain King in his late enpedilion lo the Straiu of 
1. They had heen packed up in a boi, and enveloped in 
wo for a space of iliirlcen, one fur seventeen, and a fourth 
irdi of twenty months ; hut, on being eiposed by Mr. 
erip (0 the warmth of a Are in London, and provided with 
fud water and leaves, they revived, and lived for several month] 
II Mr. Loddige*' palm-bouiu. 



IHL] MIGRATIONS OF TESTACEA. 

of which belonged to the genus Helix alone, including 
u tub-genera Bulimus uid Achatina, and excluding 
Vitrina and Clausilia ; — forty-four of these are new. 
It is remarkable, that very few of the above-mentioned 
jpecies are common to the neighbouring archipelago 
of the Cacaries ; but it is a still more striking I'act, 
that, of the sixty species of the three genera above 
mentioned, tbirty.one are natives of Porto Santo ; 
whereas, in Madeira, which contains ten times the 
superficies, were found but twenty-nine. Of these, 
only four were common to the two islands, which are 
only separated by a distance of twelve leagues ; and 
two even of these four f namely, Hdixrhodostoma and 
H.veafrosa,) are species of general diffusion, common 
to Madeira, the Canaries, and the South of Europe,* 

The confined range of these molluscs may easily be 
explained, if we admit that species have only one 
birth-place; and the only problem to be solved would 
relate to the exceptions — to account for the dissemin- 
ation of some species throughout several isles, and the 
European continent. May not the eggs, when washed 
into the sea by the undermining of cliffs, or blown by 
a storm from the land, float uninjured to a distant 
shore ? 

IJieir made of diffwsioa. — Notwithstanding the 
proverbially slow motion of snails and molluscs in 
gmeral, and although many aquatic species adhere 
constantly to the same rock for their whole lives, they 
are by no means destitute of provision for disseminat- 
ing themselves rapidly over a wide area. Some lay 
their eggs in a sponge-like nidus, wherem the young 
remain enveloped for a time after their birth; and thi.< 
buoyant substance floats far and wide as readily as 

• Cwnb. Pliil. Trans., yoI. iv., 1831- 
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sea-weed. The young of other viviparous tribes ar^^^ 
oflen borne along, entangled in sea-weed. SometimeftW 
they are so light, that, like grains of sand, they can b^^^ 
easily moved by currents. Balani and serpulse are^^ 
sometimes found adhering to floating cocoa-nuts, and^V 
even to fragments of pumice. In rivers and lakes, on -* 
the other hand, aquatic univalves usually attach their ~~- 
eggs to leaves and sticks which have fallen into the '^ 
water, and which are liable to bo swept away during " 
floods, from tributaries to the main streams, and from 
thence to all parts of the same basins. Particular 




Fig. 1. Eggs of Ampullaria ovata (a fluvjalile species), filed to 

B small sprig which had fallEti into (he waler. 
Rg. 2. Eggs of Planorbis albus, atlaehed to a dead leaf lying 

Fig. 3. Eggs oflhe cDiamDn Limneus {L. vulgaris), adiiering to 
B dead stick under water. 
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species may thus migrate during one season from ti 
beti waters of the Mississippi, or any o 
river, to countries bordering the sea, at the distan 
of many thousand miles. 

An illustration of the mode of attachment of tl 
i^ will be seen in the annexed cut. {No. '. 

ITie habit of some testacea to adhere to floating 
wood is proved by their fixing themselves to the bot- 
toms of ships. By this mode of conveyance Mt/tilua 
polgmorpkus has been brought from northern Europe 
U the Commercial Docks in the Thames, where the 
tpecies is now domiciled. 

A lobster i^Asteums marinus) was lately taken alive 
covered with living mussels (Mi/ttlus edulis)', and a 
large female crab (Cancer pagvrus), covered with 
oysters, and bearing also Anomia ephippium, and 
actiQiE, was taken in April, 1832, off the English 
coast. The oysters, seven in number, include indi- 
riduals of six years' growth, and the two largest are 
four inches long and three inches and a half broad. 
Both the crab and the oysters were seen alive by Mr. 
Sobert Brown. f 
' From this example we learn the manner in which 
oysters may be diffused over every part of the sea 
where the crab wanders ; and if they are at length 
carried to a spot where there is nothing but fine mud, 
the foundation of a new oyater-baok may be laid on 

* Tht ipecimen is pmeired in the Museum of tJie Zuol. Soc. 
■f LondoQ. 

■f Thit specimen is in the collection at my friend Mr. Broderip, 
*ba obierveB, tlut this crBb,which was apparently in perfect hiallh, 
nuld not have casi ber shell for six years, whereas some naturalists 
lUTe stated that the Bpecica moults annually, witliout limiting tlie 
ting p«riod to the eul; slagca of frowtfa of the BuiiaiLl. 

a S 
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tbe death of the crab. In this instance the oysters 
ived the crab many days, and were only killed at 
ist by long exposure to the air. 

xphical Dhlrihution and Migrations of Zoophytes. 
Zoophytes are very imperfectly known, but there 
1 be little doubt that each maritime region pos- 
esEes species peculiar to itself. The madrepores, 
: lamelliferous polyparia, are found in their fullest 
ievelopment only in the tropical seas of Polynesia 
md the East and West Indies, and this family is re- 
presented only by a few species in our seas. Those 
of the Mediterranean are inferior in size, and, 
r the most part, different from such as inhabit the 
ropics. Peron and Lesueur, after studyinf^ the Holo- 
!, MeduBie, and other congeners of delicate and 
diangeable forms, came to the conclusion that each 
s its place of residence determined by the tem- 
rature necessary to support its existence. Thus, 
r example, they found the abode of Pyrosoma At- 
intica to be confined to one particular region of the 
Atlantic ocean. * 

w intjuire how the transportation of polyps 
'from one part of the globe to another is effected. 
nany of them, as in the families Flustra and Sertu- 
attaeh themselves to sea-weed, and are occa- 
sionally drifted along with it. Many fix themselves 
o the shells of gasteropods, and are thus borne along 
y them to short distances. Some polyps, like the 
sa-pens, swim freely about in the sea. But the most 
frequent mode of transportation probably consists in 
Be buoyancy of their eggs, or certain small vesicles, 
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*hich are detaclaeci, and are capable of becoming the 
loundation of a new colony. These gems, a* they 
We been called, may be swept along by a wave that 
breaks upsn a coral reef, and may tlien be borne by a 
i^nTTent to a distance. 

That some zoophytes adhere to floating bodies is 
proved by tlieir being found attached to the bottoms 
of sliips, aE in the case of testacea before alluded to. 

Geographical Distribution and Migrations of Insects. 
Before I conclude this sketch of the manner in 
"wbich the habitable parta of the earth are shared 
out among particular assemblages of organic beings, 
J must offer a few remarks on insects, which by their 
numbers, and the variety of their powers and instincts, 
exert a prodigious influence in the economy of aniraatt 
nature. As a large portion of these minute creatures 
are strictly dependent for their subsistence on certain 
species of vegetables, the entomological provinces must 
coiDcide in a considerable degree with the botanical. 

Ail the insects, says Latreille, brought from the 
eastern parts of Asia, and China, whatever be their 
latitude and temperature, are distinct from those oi' 
Europe and of Atrica. The insects of the United 
States, although often they approach very close to 
Dur own, are nevertheless specifically distinguishable 
by some characters. Tn South America, the equi- 
noctial lands of New Granada and Peru on the one 
side, and of Guiana on the other, contain for the most 
part distinct groups ; the Andes forming the division, 
and interposing a narrow line of severe cold between | 
climates otherwise very similar.' ' 
!s Idscctes el d« Aracbnides. i\im. 
E S 



^^^Rtates, even those of the northern provinces as far as 
^^FCanada, differ spcciRcaily from the European, while 
those of Greenland appear to be in a great measure 
identical with our own. Some insects are very local, 
while a few, on the contrary, are common to remote 
countries, between which tbe torrid zone and the 
ocean intervene. Thus our painted lady butterfly 
( Vanetsa cardui) re-appears in New Holland and Japan 
with scarcely a varying streak." The same species is 
said to be one of the few insects which are universally 
dispersed over the earth, being found in Europe, Asiai 
Africa, and America ; and its wide range is the more 
interesting, because it seem s explained by its migratory 
instinct, seconded, no doubt, by a capacity enjoyed 
by few species, of enduring a great diversity of tem- 
perature. 

A vast swarm of this species, forming a column from 
ten to fifteen feet broad, was, a few years since, ob- 
served in the Canton de Vaud; they traversed the 
country with great rapidity from nortb to south, all 
flying onwards in regular order, close together, and 
not turning from their course on the approach of other 
objects. Professor Bonelli, of Turin, observed in 
March of the same year, a similar swarm of the same 
species, also directing their flight from north to south, 
in Piedmont, in such immense numbers, that at night 
the flowers were literally covered with them. They 
had been traced from Coni, Raconi, Susa, &c. A 
similar flight at the end of the last century is recorded 
by M. Loucb, in the Memoirs of the Academy of 
Turin. The fact is the more worthy of notice, be- 

I * Kirbjr and Spence, ml. iv. p. 48T> 
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cause the caterpUlara of tliis butterfly are not gregoriou^ 
but Bolitary from the moment that they are hatched; 
and this instinct remains dormant, while generation 
after generation passes away, till it suddenly (Uaplaya 
itself iu full energy when their numbers happen to be 
in excess. 

Not only peculiar speciea but certain types dis- 
tinguish particular countries ; and there are groups, 
observes Kirby, which represent each other in distant 
regions, whether in their form, their functions, or in 
both. Thus the honey and wax of Europe, Asia, and 
Africa, are in each case prepared by bees congenerous 
with our common hive-bee (Apis Latr.) ; while, in 
America, this genus is nowhere indigenous, but is 
replaced by Melipona and Trigone ; and in New Hol- 
land by a still different, but undescribed type.* 

TTteir means of dissemination. — As almost all insects 
arewinged, they can readily spread themselves wherever 
their progress is not opposed by uncongenial climates, 
or by seas, mountains, and other physical impediments j 
and these barriers they can sometimes surnmunt by 
abandoning themselves to violent winds, which, as I 
before stated, when speaking of floating seeds, may 
ID a few hours carry them to very considerable dis- 
tances. On the Andes some sphinxes and flies have 
been obsen-ed by Humboldt, at the height of 19,180 
feet above the sea, and which appeared to him to have 
been involuntarily carried into these regions by as- 
cending currents of air. \ 

White mentions a remarkable shower of aphidea 
whidi seem to have emigrated, with an east wind, from 

• Kirlij- and Spenre, vol. iv. p. 497. 

t Deicription of the Equatorial RegioiiB— JlBllt-Brun, vol. v. 
-0.379. 
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(he great hop plantationa of Kent and Sussex, and 

Bl)lsck(;ned tlie shrubs and vegclahlea where thej 

ighteJ at Seibourne, spreading at the same time in 

9Bt clouds ell along the vale from Fambam to Alton. 

3iese aphides are sometimes accompanied by vast 

HimberB of the common lady-bird (^Coccmella septem- 

lata), which feed upon them.* 

It is remarkable, says Kirby, that many of the in- 

s which are occasionally observed to emigrate, as, 

ir instance, the libellulic, coccinellie, carabi, cicadie, 

■ are not usually social insects, but seem to con- 

pegate, like swallows, merely for the purpose of 

migration.f Here, tlierefore, we have an example 

f an instinct developing itself on certain rare emer- 

bencies, causing unsocial species to become gregarious, 

ind to venture sometimes even to cross the ocean. 

I The armies of locusts which darken the air in Africa 

■nd traverse the globe from Turkey to our southern 

11 EnglaniJ, are well known to all. When 

1 gales sweep over the Pampas, tliey bear 

blong with them myriails of insects of various kinds. 

I a proof of the manner in which species may be 

ihuB diffused, I may mention that when the Creole 

IB lying in the outer roads oif Buenos Ayres, 

n 1819, Bt the distance of six miles from the land, 

r declts and rigging were suddenly covered with 

thousands of Hies and grains of sand. The sides of 

the vessel had just received a fresh coat of paint, to 

^ich the insects adhered in such numbers as to spot 

ud disfigure the vessel, and to render it necessary 

srtiatly to renew the painl.J Captain W. H. Smyth 

■ Kirby and Spence, vol. ii. p. 9. J8I7. t U. p- I'J, 

. f I am iadvlited to Lieulenam Gravci, It.N. , fur lt)iiilnfortn. 
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:ed to repaint his vessel, the Adventure, in 
the Mediterranean, from tke same cause. He was on 
fiis way from Malta to Tripoli, when a southern wind 
blowing from the coast of Africa, then one hundred 
miles distant, drove such myriadsof flies upon the fresh 
f^aint, that not the smallest point was Icfl unoccupied 

bjiD..C.,. 

To the southward of the river Plate, off Cape St, 
-Antonio, and at the distance of fifty miles from land, 
Several large dragon-flies alighted on the Adventure 
fi-igate, during Captain King's late expedition to the 
Straits of Magellan. If the wind abates when insects 
9re thus crossing the sea, the most delicate species are 
not necessarily drowned, for many can repose without 
sinking on the unruffled surface of the deep. The 
■lender long-legged tipulee have been seen standing 
VII the surface of the sea, when driven out far from 
our coast, and took wing immediately on being ap- 
proached.* Exotic beetles are sometimes thrown on 
our shore, which revive after having been long drenched 
in salt water ; and the periodical appearance of some 
coDspicuous butterfiies amongst us, afler being unseen 
for five or fifty years, has been ascribed, not without 
probability, to the agency of the winds. 

Inundations of rivers, observes Kirby, if they hap- 
pen at any season except in the depth of winter, 
always carry down a number of insects, floating on 
the surface of hits of stick, weeds, &c.| so that when 
the waters subside, the entomologist may generally 
reap a plentiful harvest. In the dissemination, more- , 
over, of these minute beings, as in that of plants, the>: 
larger animals play their part. Insects are, in num- 

• I *tftte Uiii fact on tlie autliority of my fritiid, Mr. Joliu 
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berless instances, borne along in the coats of animala, 
or the feathers of birds ; and the eggs of some species 
are capable, like seeds, of resisting the digestive 
powers of tlie stomach, and after they are swallowed 
with herbage, may be ejected again unharmed in the 

Geographical Distributiem and Diffusion of Man. 

I have reserved for the last some observations on the 
range and diffusion of the human species over the 
earth, and the influence of man in spreading other 
animals and plants, especially the terrestrial. 

Many naturalists have amused themselves in specu- 
lating on the probable birth-place of mankind, the 
point from which, if we assume the whole human race 
to have descended from a single pair, the tide of emi- 
gration must originally liave proceeded. It has been 
always a favourite conjecture, that this birtli-place 
was situated within or near the tropics, where perpe- 
tual summer reigns, and where fruits, herbs, and roots 
are plentifully supplied throughout the year. The cli- 
mate of these regions, it has been said, is suited to a 
being born without any covering, and who had not yet 
acquired the arts of building habitations or providing 
clothes. 

Progress of human pt^ulation. — " Tlie liunter state," 
it has been argued, " which Montesquieu placed thefirst, 
was probably on!y the second stage to which mankind 
arrived, since so many arts must have been invented 
to catch a salmon or a deer, that society could no 
longer have been in its infancy when they came into 
use." • When regions where the spontaneous fruits of 

* Brand's Select Dissert rrom the Amixii. Ai:bi].,v(iI. i. p. US. 



Ch. VE] 

the earth abound became overpeopled, men would na- 
turally diffuse themselves over the neighbouring parts 
oT the temperate zone ; but a considerable time would 
probably elapse before this «vent took place ; and it is 
possible, as a writer before cited observes, that in the 
interval before the multiplication of their numbers and 
their increasing wants had compelled them to emigrate, 
some arts to take animals were invented, but far infe- 
''tor to what we see practised at this day among savages. 
■As their habitations gradually advanced into the tem- 
perate zone, the new difficulties they bad to encounter 
'W'ould call forth by degrees the spirit of invention, 
and the probability of such inventions always rises with 
the number of people involved in the same necessity.* 
A distinguished modern writer, who coincides for 
the most part in the views above mentioned, has in- 
troduced one of the persons in his second dialogue as 
objecting to the theory of the human race having gra- 
dually advanced from a savage to a civilized state, on 
the ground that " the first man must have inevita- 
My been destroyed by the elements or devoured by 
Bavage beasts, so infinitely his superiors in physical 
force." f He then contends against the difficulty here 
started by various arguments, all of which were, per- 
bapB, superfluous ; for if a philosopher is pleased to 
indulge in conjectures on this subject, why should he 
not assign, as the original seat of man, some one of 
those large islands within the tropics, which are as free 
Inimwild beasts as Van Diemcn's Land or Australia? 
Here man may have remained for a period, pecuUar to 
s angle isle, just as some of the large anthropomor- 
* Bnnd'a Select Dissert, rrom tbo Amicii. Acsd.,vi>l, i. p. IIB, 
t Sc H. Davj, ConsalaCioiis in Travel, p. 74. 



GEOGEAPHICAL DISTRIBUTION AND [Book 111. •■ 

ibouB species are now limited to one island within the 
I bopics. In such a situation, the new-born race might 
1 in security, though far more helpless than 
the New Holland savages, and might have found I 
mdance of vegetable food. Colonies may afterwards 
e been sent forth from this mother country, and , 
dien the peopling of the earth may have proceeded 
ccording to the hypothesis before alluded to. 
■ In an early stage of society the necessity of hunting 
.s as a principle of repulsion, causing men to spread 
litli the greatest rapidity over a country, until the 
Hrhole is covered with scattered settlements. It has 
lieen calculated that eight hundred acres of Imnting- 

)n1y produce as much food as half an acre of t 
arable land. When the game has been in a great 
asure exhausted, and a state of pasturage succeeds, 
2^e several hunter tribes, being already scattered, may 
inultiply in a short time into the greatest number which 
flie pastoral state is capable of sustaining. The ne- } 
says Brand, thus imposed upon the two | 
IBTage states, of dispersing themselves far and wide 
j?er the country, affords a reason why, at a very early 
leriod, the worst parts of the earth may have become < 
labited. 

But this reason, it may be said, is only applicable 
ii as far as regards the peopling of a continuous con- 
inenl ; whereas the smallest islands, however remote 
cinents, have almost invariably been found 
Inhabited by man. St. Helena, it is true, afforded an 

ception; for when that island was discovered in 1501, j 

i was only inhabited by sea-fowl, and occasionally by ' 

Is and turtles, and was covered with aforest of trees ' 

I shrubs, all of species peculiar to it, with one or ' 
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two exceptions, and which seem ta have been ex- 
preisly created fur this remote and insulated spot. * 

Drifting of canoes to vast distances. — But very few 
of the numerous cnral iskts and volcanos of the vast 
Pacific, capable of sustaining a kw families of men, 
hiVB been found untenanted ; and we have, therefore, 
lo inquire whenceandby what means, ifallthemembers 
of the great human family have had one common source, 
CDuld those savages have migrated. Cook, Forster, 
and others, have remarked that parties of savages in 
llieir canoes must often have lost their way, and must 
have been driven on distant shores, where they were 
ibrced to remain, deprived both of the means and of 
the requisite intelligence for returning to tlieir own 
rauntry. Thus Captain Cook found on the island of 
Wateoo three inhabitants of Otaheite, who had been 
drifted thither in a canoe, although the distance be. 
l»een the two isles Is 550 miles. In 1696, two canoes, 
containing thirty persons, who had left Ancorso, were 
tbrovQ by contrary winds and storms on the island of 
Samar, one of the Philippines, at a distance of eight 
hundred miles. In 1721, two canoes, one of which 
contained twenty-four, and tLe other six persons, men, 
women, and children, were drifted from an island 
eaQed Farroilep to the island of Guaham, one of the 
HarianB, a distance of two hundred miles, f 

Kotzebue, when investigating the Coral Isles of 
Radack, at the eastern extremity of the Caroline Isles, 
became acquainted with a person of the name of Kadu, 
who was a native of Ulea. an isle fifteen hundred 
nulet distant, from which he had been drifted with a 
party. Kadu and three of his countrymen one day 

• See Vol. II, p. 410. 

X Ualte-Brun'e Geagraphj, vol. iti. p. 419. 
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left Ulea in a sailing boat, when a violent storm t 
and drove them out of their course ; they drifted i 
the open sea for eight rnonths, according to 
reckoning by the moon, making a knot on a coi 
every new moon. Being expert fishermen, they 
aisled entirely on the produce of the sea j and 
the rain fell, laid in as much fresh water as they 
vessels to contain it, " Kadu," says Kotzebue, ' 
was the best diver, frequently went down to the 
torn of the sea, where it is well known that the ^ 
is not so salt, with a cocoa-nut shell, with only a 
opening." When these unfortunate men reache 
bles of Radack, every hope and almost every fe 
had died within them ; their sail had long beei 
stroyed, their canoe had long been the sport of ^ 
aod waves, and they were picked up by the inhabi 
rfAur, in a state of insensibility •; but by the 
pitable care of those islanders they soon recov 
and were restored to perfect health. 

Captain lieechey, in his late voyage to the Pi 
fell in with some natives of the Coral Islands, wh< 
in a similar mannerbeen carried to a great distance 
their native country. They had embarked, to the 
ber of 150 souls, in three double canoes, from i 
or Chain Island, situate about three hundred mil 
the eastward of Otaheite. They were overtake 
the monsoon, which dispersed the canoes, and, 
driving them about the ocean, left them becalme 
that a great number of persons perished. Two o 
canoes were never heard of, but the other was di 
from one uninhabited island to another, at eai 
which the voyagers obtained a few provisions ; a 
length, afler having wandered for a distance o 

• Kotiebuc'a Voyage, IBIS — 1818, Quarterly Heviei 
xxti. p, 3G1. 
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' hundred miles, they were found and carried to the^^^l 
home in the Blossom. * ^^H 

The space traversed in some of tliese instances wat^^l 
u great, that similar accidents might suffice to trans- 
port canoes from various parts of Africa to the shores 
of South America, or from Spain to the Azores, and 
thence to North America : so that man, even in a rude 
itate of society, is liable to lie scattered involuntarily 
by the triads and waves over the globe, in a manner 
nngularly analogous to that in nhicli many plants and 
animals are ditfused. We ought not, then, to w.onder, 
tbat during the ages required for some tribes of the 
human race to attain that advanced stage of civilization 
which empowers t!ie navigator to cross the ocean m all 
directions with security, the whole earth should have 
become the abode of rude tribes of hunters and fishers- 
Were the whole of mankind now cut off, with the 
exception of one family, inhabiting the old or new 
continent, or Australia, or even some coral islet of the 
Pacificy we might expect tlieir descendants, though 
they should never become nnore enlightened than the 
South Sea Islanders or the Esquimaux, to spread in 
the course of ages over the whole earth, diffused 
partly by the tendency of papulation to increase, in a 
limited district, beyond the means of subsistence, and 
partly by the accidental drifting of canoes by tides and 
cnrrentB to distant shores. 



Iimhtnffirff InJlueRce of Man in diffusing Aniwali 

and Plants. 

Many of the general remarks which have been made 

teqiecting the inHuence of man \a spreading or in 

• NiriBti'rc of a Voyage to the Pacific, £:C., in [ht jeais 1B35, 
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checking the difFusion of plants apply equally to his 
relations with the animal kingdom. On a future occa- 
I gion, I shall be led to speak of the instrumentality of 
t our species in naturalising useful animals and plants 
I in new regions, when explainingmyviewsof the effects 
t which the spreading and increase of certain species 
L exert in the extirpation of others. At present I shftU 
I con6ne myself to a few remarks on the involuntary aid 
I which man lends to the dissemination of species. 

In the mammiferous class our influence is chiefiy 
F displayed in increasing the number of quadrupeds 
[■■which are serviceable to us, and in cxterminatbg or 
I reducing the number of those which are noxious. 

' Sometimes, however, we unintentionally promote 
I the multiplication of inimical species, as when we in- 
K'troduced the rat, which was not indigenous in the New 

■ World, into all parts of America. They have been 
I conveyed over in ships, and now infest a great 
■inultitude of islands and parts of that continent. In 

■ like manner the Norway rat Jios been imported into 
■•England, where it plunders our properly in ships and 
f 'bo uses. 

nong birds, the house sparrow may be cited as s 
Lspecies known to have extended its range with the 

e of the soil. During the last century it has 
■■'■pread gradually over Asiatic Russia towanls the north 
Esnd east, always following the progress of cultivation. 
^t made its first appearance on the Irtisch in Tobolski 
Ksoon afler the Russians had ploughed the land. It 

in 1735 up the Obi to Beresow, and four years 
Bafter to Naryn, about fifteen degrees of longitude far- 
Vther east. In ITIO it had been seen in the higher 
I'Parts of the course of the Lena, in the government of 
(iritutzk. In all these places it is now common, but is 
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not yet found in the uncultivated regions of Kamt- 
tchatka. * 

The great viper (^Fer de innce), a species no less 
tenonious than the rattle-snake, which now ravages 
Martinique and St. Lucia, was accidentally introduced 
by man, and exists in no other part of the West 

Many parasitic insects, which attack our persons, 
and some of which are supposed to be peculiar to our 
species, have been carried into all parts of the earth, 
ind have as high a claim as man to an universal geo- 
grapliical distribution. 

A great variety of insects have been transported in 
■lupsfrom one country to another, especially in war- 
mer latitudes. Notwithstanding the coldness of our 
dimate, we have been unable to prevent the cockroach 
{Blatta orientalis) from entering and diffusing itself in 
our ovens and kneading troughs, and availing itself 
of the artificial warmth which wc atFord. It is well 
bown also that beetles, and many other kinds of ligni- 
perdous insects, have becTi introduced into Great 
Britain in timber ; especially several North American 
ipecies."Tho commercial relations," says Mai te-Brunf, 
"between France and India, have transported from the 
latter country the aphis which destroys the apple-tree, 
ttid two sorts of Neuroptera, the ludfuga and Jlavicola, 
mostly confined to Provence and the neighbourhood of 
Bcrdeaux, where they devour ttie timber in the houses 
■ud naval arsenals." 

Among molluscs we may mention the Teredo navalit, 
■hich is a native of equatorial seas, but whicli, by 

■ Gloger, Abiind. de Vogcl, p. 103. ; Pallas, Zoog. Rosso- 
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I adhering to the bottom of ships, was transported t» 
Holland, where it has been most destructive to vessels 
L mid piles. The same species has also became natural- 
■ ized in England, and other countries enjoying an. 
f extensive commerce. Sulimus undalus, a land species 
f of considerable size, native of Jamaica and other West 
t Indian islands, has been imported, adhering to tropical 
I timber, into Liverpool, and is now naturalized in ths 
[. voods near that town,* 

In all these and innumerable other instances we maj 
regard the involuntary agency of man as strictly ana- 
logous to that of the inferior animals. Like them, we 
unconsciously contribute to extend or limit the geo* 
graphical range and numbers of certain species, in 
obedience to general rules in the economy of nature, 
which are for the most part beyond our controL 

• On the aullioritj' of Mr. Broderip. 
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Of squalic and lerTestrial speciesi on each other. 

Tkiorr/ of Litiiiisus. — It would be superfluous to exa- 
mine the various attempts which were made to explain 
the phenomena of the distribution of species alluded 
ta in the preceding chapters, in the infancy of the 
Mienees of botany, zoology, and physical geography. 
The theories or rather conjectures then indulged oow 
flindtefutedby a simple statement of facts; and if Lin- 
Kens were living, he would be the first to renounce the 
MKions which he promulgated. For he imagined the 
habitable world to have been for a certain time limited 
lo one small tract, the only portion of the earth's sur- 
&(M that was as yet laid bare by the subsidence of the 
pnnueval ocean, In this fertile spot he supposed the 
Wigioals of all the species of plants which exist on this ' 
^Ae to have been congregated, together with the 
lirst ancestors of all animals and of the human race. 
" In qua commode habitavcrint animalia omnia, et 
fOL,ta. c 
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■te germinaverint." In order to ai 

late the various habitudes of go many c 

p provide a diversity of climate suited to their several 

, the tract in which the creation took place 

i8 supposed to have been situated in some warm re- 

D of the earth, but to have contained a lofly moun- 

a range, on the heights and in the declivities of 

ivere to be found all temperatures and every 

, from that of the torrid to that of the frozen 



t there never was a universal ocean since the 
was inhabited, or, rather, since the oldest groups 
r strata yet known to contain organic remains were 
med, is proved by the presence of terrestrial plants 
1 the older formations ; and if this conclusion was 
(t established, yet no geologist could deny that, since 
e first small portion of the earth was laid dry, there 
e been many entire changes in the species of plants 

mals inhabiting the land. 
1 theory proposed. — Gut without dwelling on the 
)ve and other refuted theories, let us inquire whether 
1 hypothesis cannot be substituted as simple as 
t of Linnceus, to which the phenomena now ascer- 
n regard to the distribution both of aquatic and 
rrestrial species may be referred. The following 
, perhaps, be reconcileable with known facts : — 
ach species may have had its origin in a single pair, 
individual, where an individual was sufficient, and 
s may have been created in succession at such 
mes and in such places as to enable them to multiply 
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tt are eHumerated> 



li incTEinentD ; also Pricharii, PJiys. Hilt. 
17., where Hie bypoChsaes of different natu- 
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iai endure for an appointed period, and occupy an 
appuinted space on the globe- 
In order to explain this theory, let us suppose every I 
living thing to be destroyed in the western hemisphere, 
both on the land and in the ocean, and permission to 
be given to man to people this great desert, by trans- 
prting into it animals and plants from the eastern ( 
hemisphere, a strict prohibitinn being enforced against 
introducing two original stocks of the same species. 

Now it is easy to conceive that the result of such a i 

mode of colooizing would correspond exactly, so far as 
r^rde the grouping of animals and plants, with that 
now observed throughout the globe. It would be ne- 
cessary for naturalists, before they imported species 
into particular localities, to study attentively the cli- i 

male and other physical cooilitions of each spot. It 
•■oiild be no less requisite to introduce the different 
^cics in succession, so that each plant and animal 
might have time and opportunity to multiply before the 
species destined to prey upon it was admitted. Many 
herbs and shrubs, tor example, must spread far and 
wide before the sheep, the deer, and the goat could 
be allowed to enter, lest they should devour and 
lanihilate the original stocks of many plants, and then 
perish themselves for want of food. The above-men- i 

lioaed herbivorous animals in their turn must be 
permitted to make considerable progress before the 
entrance of the first pair of wolves or lions. Insects ' 

niiist be allowed to swarm before the swallow could be A 
permitted to skim through the air, and feast on thou- 
unds at one repast. 

It is evident that, however equally in this case our - 

original stocks were distributed over the whole surface 1 

of load and water, there would nevertheless arise 







Iss 



CBook IIL 



I cUit'iQct botanical Rnd zoological provinces, for there 

(ftre a great many natural barriers which oppose commoD 

ibstacles to the ailvance of a variety of species. Thus, 

mple, almost all the animals and plants na- 

iiralizetl by us towards the extremity of South America, 

rould be unable to spread beyond a certain limit) 

wards the east, west, and south, because they would 

stopped by the ocean, and a few of them only 

Jftrould succeed in reaching the cooler latitudes of the 

torthern hemisphere, because they would he incapaUe 

bof bearing the heat of the tropica, through which they 

it pass. In the course of ages, undoubtedly, ex- 

teptions would arise, and some species might become 

a tlie temperate and polar regions, or both 

s of the ecguator ; for I have before shown that the 

j»wers of diffusion conferred on some classes are very 

[great. But we might confidently predict that theee' 

cceptions would never become so numerous as to 

ivalidate the general rule. 

. Some of the plants and animals transplanted by us 
a the coast of Chili or Peru wouJd never be able to 
ross the Andes, so as to reach the Eastern plains; 
', fur a similar reason, would those tirst establishedi 
n the Pampas, or the valleys of the Amazon and tkft 
tOrinoco, ever arrive at the shores of tlie Pacific. 

In tlie ocean an analogous state of things would 
prevail ; for there, also, climate would exert a great 
|rin&uence in limiting the range of species, and the laad 
rould stop the migrations of aquatic tribes as effect- 
ally as the sea arrests the dispersion of the terrestrial. 
B certain birds, insects, and the seeds of plants, can 
never cross the direction of prevailing winds, so cur- 
Krents form natural barriers to the disseminatioa of 
■nuiy oceanic races. A line of shoals may be as im- 
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pKiable to pelagian Bpecies, as are the Alps and ihe 
Mdes to plants and animals peculiar to plains ; while 
top abysses may prove insuperable obstacles to the 
W^racions of the inhabitants of shalioHf waters. 

St^>posed centres, or foci, of creation It is worthy 

of observation, that one effect of the introduction of 
iln^e pairs of each species must be the confined 
range of certain groups in spots, which, like small 
iilands, or solitary inland lakes, have few means of 
interchanging their inhabitants with adjoining regions. 
Now this congregating, in a small space, of many pe- 
raliar species, would give an appearance of centres, or 
Jiri, of creation, as they have been termed, as if there 
irere favourite points where the creative energy has 
been in greater action than in others, and where the 
numbers of peculiar organic beings have consequently 
become more considerable, 

I do not mean to call in question the soundness of 
the mferences of some botaniats, as to tlie former ex- 
Mence of certain limited spots whence species of 
plants have been propagated, radiating, as it were, in 
dl directions from a common centre. On the contrary 
1 conceive these phenomena to be the necessary con- 
fequences of the plan of nature before suggested, 
operating during the successive mutations of the sur- 
fece, some of which the geologist can prove to have 
taken place subsequently to the period when many 
"pedes now existing were created. In order to ex- 
miHify how this arrangement of plants may have been 
produced, let us imagine that, about three centuries 
before the discovery of St. Helena (itself of submarine 
"olcamc origin), a multitude of new isles had been 
thrown up in the surrounding sea, and that these 
wdl become clothed with plants emigrating from 
c 3 



St. ] 



F CREATION. [Book III 

Helena, in the same manner as the wild plants of 

Campania have diffused themselves over Monte Nuovo. 

Tienever the first botanist investigated the new ar- 

iupelago, he would, in all probability, find a different 

ISemblage of plants in each of the isles of recent 

mation; but, in St. Helena itself, he would meet 

Hth individuals of every species belonging to all parts 

f the archipelago, and some, in addition, peculiar to 

self, viz., those which had not been able to obtain 

1 passage into any one of the surrounding new-formed 

pnds. In this case, it might be truly said that the 

original isle was the primitive focus, or centre, of a 

ETtain type of vegetation, whereas, in the surround- 

e would be a smaller number of species, 

Wet all belonging to the same group. 

But this peculiar distribution of plants would not 

Warrant the conclusion that, in the space occupied by 

^t. Helena, there had been a greater exertion of cre- 

e power than in the spaces of equal area occupied 

the new adjacent lands, because, within the period 

I which St. Helena had acquired its peculiar vege- 

Vtation, each of the spots supposed to be subsequently 

^converted into land may have been the birth-places 

t number of marine animals and plants, which 

■ may have had time to scatter themselves far and wide 

ffiver the southern Atlantic 

Whi/ distinct provinces not more blended. — Perhaps 
Ht may be objected to some parts of the foregoing train 
Bif reasoning, that during the lapse of past ages, eS' 
Kcially during many partial revolutions of the globe 
K'of comparatively modern date, different zoological and 
•botanical provinces ought to have become more con- 
tfounded and blended together — that the distribution 
f species approaches too nearly to what might have r 
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been expected, if animals and plants had been intro- 
duced into the globe when its physical geography had 
already assumed the features which it now wears; 
whereas we know that, in certain districts, consider- 
able geographical changes have taken place since 
species identical with those now in being were cre- 
ated. 

Brocdiis speciihtions on lots o^ spedes. — These, 
And many kindred topics, cannot be fully discussed 
milil we have considered, not merely the general laws 
iriiich may regulate the first introduction of species, 
but those which may limit their duration on the earth. 
Biocclii, whose untimely death in Egypt is deplored 
by all who have the progress of geology at heart, has 
remarked, when hazarding some Interesting conjec- 
tures respecting " the loss of species," that a modem 
uturalist had no smull assurance, who declared " that 
inxlividuals alone were capable of destruction, and that 
q)ecies were so perpetuated that nature could not an- 
nihilate them, so long as the planet lasted, or at least 
that nothing less than the shock of a comet, or some 
nmilar disaster, could put an end to their existence." * 
"Die Italian geologist, on the contrary, had satisfied 
bimself, that many species of testacea, which formerly 
ishabited the Mediterranean, had become entinct, 
although a great number of others, which had been 
(he contemporaries of those lost races, still survived 
Be came to the opinion, that about half the species 
which peopled the waters when the Subapennine strata 
were deposited, had gone out of existence; and in this 
inference he does not appear to have been far wrong. 
But, instead of seeking a solution of this problem. 



• MeckH-, Phylozool. Philosoph., p, ai. Brocchi, Concb. 
b fiubnp., tome i. p, £29. 
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gist& of his time, in a violent and 

&/^eral catastroplie, Brocchi endeavoured to imagine 

■pme regular and constant law by which species might 

e mude to disappear from the earth gradually and in 

Che death, he suggested, of a species 

, like that of individuals, on certain pe- 

^lia^ities of constitution conferred upon them at their 

; and as the longevity of the one depends on a. 

BTtain force of vitality, vrhich, after a period, grows 

jker and weaker, so tke duration of the other nmy 

e governed by the quantity of prohfic power bestowed 

lecies, which, after a season, may decline 

energy, so that the fecundity and multiplication of 
jbdividuals may be gradually lessened from century to 
sntury, " until that fatal term arrives, when the em- 
Ifryo, incapable of extending and developing itseUi 
^andons, almost at the instant of its formation, the 

Bender principle of life by which it was scarcely ani- 
mated, — and so all dies with it." 
Ii^ow we might coincide in opinion with the Italian 
aturalist, as to the gradual extinction of species one 
r another, by the operation of regular and constant 
, without admitting an inherent principle of 
f^terioration in their physiological attributes. We 
^ht concede, " that many species are on the decline, 
[ that the day is not tar distant when they will ' 
:e to exist ; " yet deem it consistent with what we 
fallow of the nature of organic beings, to believe that 
pie last individuals of each species retain their pro- 
n their full intensity. 

1 Brocchi has himself speculated on the share which 
ft change of climate may have had in rendering the 
Idediterranean unfit for the habitation of certain tea- 

xa, which still continued to thrive in the Indian 
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Ocean, and of others which were now only represented 
by analogous forms within the tropics. He must also 
have been aware that other extrinsic causes, such as 
the progress of human population, or the increase of 
some one of the inferior aiiimals, might gradually 
lead to the extirpation of a particular species, although 
its fecundity might remain to the last unimpaired. If, 
therefore, amid the vicissitudes of the animate and 
inonimate world, there are known causes capable of 
Innging about the decline and extirpation of species, 
it became him thoroughly to investigate the full extent 
to which these might operate, before he speculated 
on any cause of so purely hypothetical a kind, as "the 
diminution of the prolific virtue," 

If it could have been shown that some wild plant 
Had insensibly dwindled away and died out, as some- 
times happens to cultivated varieties propagated by 
cuttings, even though climate, soil, and every other 
drcumstance should continue identically the same — 
if any animal bad perished while the physical condition 
of the earth, and the number and force of its foes, with 
etery other extrinsic cause, remained unaltered, thea 
might we have some ground for suspecting that the 
infirmities of age creep on as naturally on species as 
upon individuals. But in the absence of such observ- 
»tions, let us turn to another class of facts, and examine 
sttenlively the circumstances which determine the 
•taA'ow of particular animals and plants, and perhaps 
we shall discover, in the vicissitudes to which these 
stations are exposed, a cause fully adequate to explain 
the phenomena under consideration. 

Sbdiom of plants and animals. — Stations compre- 
hend all the circumstances, whether relating to the 
*UBUe or inanimate world, which determwe w\ie\>A£t 
c .5 fl 
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B given plant or animal can exist in a given locality 
1 60 tliat if it be shown that stations can become essen- 
I'tiaily modified by the influence of known couses, i« 
■will follow that species, as well as individuals, ore 
I mortal. 

Every naturalist is familiar with the fact, that al- 
Pthough in a particular country, such as Great BritaiDi 
rdiere may be more than three thousand species ol 
^plants, ten thousand insects, and a great variety in 
Weftch of the other classes, yet there will not be more 

ihan a hundred, perhaps not half that number, inha- 
Bi1)iting any given locality. There may be no want of 
n the supposed tract : it may be a large moun- 
► tain, or an extensive moor, or a great river-plain, con- 
staining room enough for individuals of every speciei 
r island ; yet the spot will be occupied by a few 
B%i the exclusion of many, and these few are enabled, 
■■throughout long periods, to maintain their ground suc- 

XBsfully against every intruder, notwithstanding the 
t&cilities which species enjoy, by virtue of their power* 
Brof diffusion, of invading adjacent territories. 

The principal causes whici) enable a certain BBaem< 
I'blage of plants thus to maintain their ground against 
r all others depend, as is weli known, on the relations 
r between the physiological nature of each species, and 
I the climate, exposure, soil, and other physical con- 
I ditions of the locality. Some plants live only on 
I rocks, others in meadows, a third class in marshes> 
wOt the latter, some delight in a fresh-water morass, 
I — others in salt niarshes, where their roots may co- 
Fpiously absorb saline particles. Some prefer an alpine 
f region in a warm latitude, where, during the heat of 
f Bummer, they are constantly irrigated by the cool 
I of mcltinf^ snows. To others loose sand, so 
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fttal to the generality of specJeB, aflbrds the most 
proper station. The Carex arenaria and the Elynnis 
arenarius acquire their full vigour on a sandy dune, 
obtaining an ascendancy over the very plants which in 
a stiiF clay would immediately stifle them. 

Where the soi! of a district is of so peculiar ana- 
tare thai it is extremely favourable to certain species, 
and agrees ill with every otiier, the former get exctti- 
live possession of the ground, and, as in the case of 
heaths, live in societies. In like manner the Bog 
moBs (^Sphoffnum pahistTe) is fully developed in peaty 
nramps, and becomes, like the heath, in the language 
of botanists, a social plant. Such monopolies, how- 
ever, are not common, for they are checked by various 
causes. Not only are many species endowed with 
equal powers to obtain and keep possession of similar 
itations, but each plant, for reasons not fully explained 
1^ the physiologist, has the property of rendering the 
Boil where it has grown less fitted for the support of 
other individuals of its own species, or even other 
species of the same family. Yet the same spot, so 
far from being impoverished, is improved, for plants of 
fmoAer family. Animals also interfere most actively 
to preserve an equilibrium in the vegetable kingdom, 

Equilibrium in the number of species, how preseavtd. 
— " All the plants of a given country," says De Can- 
dolle, "in his usual spirited style, " are at war one with 
soother. The first which establish themselves by 
chance in a particular spot, tend, by the mere occu- 
pancy of space, to exclude other species — the greater 
choke the smaller, the longest livers replace those 
which last for a shorter period, the more prolific gra- 
dually make themselves masters of the ground, which 
^eciet multiplying more slowly would otheTw'we (i\," 
c 6 
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, In this coDtinual strife, it is not always tlie reeourceB 

if the plant itself which enable it to maiotain or extend 

» ground. Its success depends, in a great measure, 

R the number of its foes or allies, among the animals 

it plants inhabiting the same region. Thus, for ex- 

jjople, a herb which loves the shade may multiply, if 

i tree with spreading boughs and dense foliage 

iah in the neighboorh ood. Another, which, if un- 

wistcd, would be overpowered by the rank growth of 

e hardy competitor, is secure, because its leaves are 

qialatable to cattle, which, on the other band, annually 

p down its antagonist, and rarely suffer it to ripen 

1 seed. 

I, Oftentimes we see some herb which has flowered in 

J midst of a thorny shrub, when all the other indi- 

iduaJs of the same species, in the sunny fields around, 

e eaten down, andcannocbringtheir seed to maturity. 

D this case, the slirub has lent his armour of spines 

|ltd prickles to protect the defenceless herb against 

i mouths of the cattle ; and thus a few individuals 

diich occupied, perhaps, the most unfavourable station 

I regard to exposure, soil, and other circumstances, 

', nevertheless, by the aid of an ally, become the 

bvincipal source whereby the winds are supplied with 

s which perpetuate the species throughout the sur- 

iounding tract. 

V In the above example we see one plant shielding 
jlpother from the attacks of animals ; but instances are, 
jierhaps, still more numerous, where some animal de- 
a plant against the enmity of some other subject 
f the vegetable kingdom. 
r Scarcely any beast, observes a Swedish naturalist", 
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jach the nettle, but fifly difierent kinds of insetts 
I by it. Some of these seize upon the root, 
■ upon the stem ; some cat the leaves, otlici's 
irour the seeds and flowers : but for tliis multitude of 
eoemies, the nettle would annihilate a great number of 
plants. LinnEEus tells us, in his Tour in Scania, that 
goats were turned into an island which abounded with 
the Agrostis arundinacea, where they perished by 
&niine ; but horses which followed them grew fat on 
the same plant. The goat, also, he says, thrives on the 
meadow-sweet and water-hemlock, plants which are 
injurious to cattle." 

Every plant, observes Wilclte, has its proper insect 
lUotted to it to curb its lusuriancy, and to prevent it 
from multiplying to the exclusion of others. " Thus 
grass in meadows sometimes flourishes so as to exclude 
si! other plants : here the Phal^na graminis {Bombyx 
gram.'), with lier numerous progeny, find a well-spread 
table : they multiply in immense numbers, and the 
Girmer for some years laments the failure of his crop ; 
but, thegrassbeingconsumed, the moths die with hun- 
ger, or remove to another place. Now the quantity of 
grass being greatly diminished, the otner plants, which 
irete before choked by it, spring up, and the ground 
becomes variegated with a multitude of different spe- 
nes of Howcrs. Had not nature given a commlssioii 
to this minister for that purpose, the grass would 

destroy a great number of species of vegetables, of 

which the equilibrium is now kept up."f 
In the above passage allusion is made to tbe ravages 

committed in 1740 and the two following years in many 

provinces in Sweden, by a most destructive 
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le moth ia said never to touch the fox-tail 
10 that it may be cluBaed as a most active ally 
Uiid beae&ctor of that species, and as pecuharly iDstru* 
n preserving it in its present abundance. A 
Bdiscovery of Rolander, cited in the treatise of Wilcke 
P&bove mentioned, affords a good illustration of the 
Aecks and counter-checks which nature has appointed 
I preserve the balance of power amongst species. 
^The Phalfena strobilclla has the Rr cone assigned to 
to deposit its eggs upon : the young caterpillars 
ming out of the shell consume the cone and soper- 
Efluous seed ; but lest the destruction should be too 
jeneral, the Ichneumon strobilellte lays its eggs in the 
paterpiUar, inserting its long tail in the openings of the 
e till it touches the included insect, for its body is 
large to enter. Thus it fixes its minute e^ upon 
e caterpillar, which being hatched destroys it." f 
■■ Agency of insects. — Entomologists enumerate many 
cases where insects, appropriated to certain 
plants, are kept down by other insects, and these again 
fey parasites expressly appointed to prey on them.:^ 
haps, are in the habit of duly appreciating the 
SCtent to nhich insects are active in preserving the 
e of species among plants, and thus regulating 
fedirectly the relative numbers of many of the higher 
E^trders of terrestrial animals. 
^ The peculiarity of their agency consists in their 
mer of suddenly multiplying their numbers to a de- 
pee which could only be accomplished in a consider- 
e lapse of time in any of the larger animals, and then 
■ instantaneously relapsing, without the intervention 

• Kirby aniJ SpencB, vol. i. p. 17S. 

+ Amosn. Acad,, vol. vi. J H, 

( Kirby ind Spcnce, vol, iv. p. SI 8. 
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of any violent disturbing cause, into their former in- 
^ificance. 

If, for the sake of employing, an dilFerent but rare 
occasiops, a power of many hundred horses, we were 
under the necessity of feeding all these animals at great 
cost in the intervals when their services were not 
required, we should greatly admire the invention of a 
machine, such as the steam-engine, which was capable 
St any moment of exerting the same degree of strength 
•rithout any consumption of food during periods of in- 
action. The same kind of admiration is strongly excited 
when we contemplate tlie powers of insect life, in the 
creation of which nature has been so prodigal. A 
scanty number of minute individuais, only to be de~ 
tected by careful research, are ready in a few days, 
weeks, or months, to give birth to myriads, which may 
repress any degree of monopoly in another species, or 
Rmove nuisances, such as dead carcasses, which might 
Uint the air. But no sooner has the destroying com- 
niBsion been executed than the gigantic power becomes 
dormant — each of the mighty host soon reaches the 
lerm of its transient existence, and the season arrives 
vhen the whole species passes naturally into the egg, 
anil thence into the larva and pupa state. In this 
^fenceless condition it may be destroyed either by 
the elements, or by the augmentation of some of its 
Mmetous foes which may prey upon it in these stages 
of its transformation ; or it often happens that in the 
foUowing year the season proves unfavourable to the 
hatching of the eggs or the development of thepupte. m 
Thus the swarming myriads depart which may have I 
Covered the vegetation lite the aphides, or darkened ! 
ihe air like locusts. In almost every season there are ^ 
Hue Bpecies which in this manneT put fm'Ca. ^^tt ] 



EOUILIBHIUM OF SPECIES [Boot IIL 

itrengtb, and then, like Milton's spirits, which thronged 
^e spacious hall, " reduce to smallest forms their 
uiea immense " — 



Behold a wonder ! iLey buc now w 
In Irigness lo surpass earth's giant 
Now IcM than smallest liivflrfs. 



eXi^^^H 



f A few examples will illustrate the mode i 

a force operates. It is well known that, among the 

nintleas species of the insect creation, some feed on 

1, others on vegetable, matter; and, upon consider- 

|- a CBta.Iogue of eight thousand British insects and 

ichnids, Mr. Kirby found that tltcse two divisions 

nte nearly a counterpoise to each other, the cami- 

roroua being somewhat preponderant. There are also 

Sstinct species, some appointed to consume living, 

bthers dead or putrid animal and vegetable substances. 

One female, of Musca camaria, will give birth to 

:nty thousand young ; and the larvse of many flesh- 

Ries devour so much food in twenty-four hours, and 

) quickly, as to increase their weight two 

l^nndred'fold I In five days after being hatched they 

rrlve at their full^owth and size, so that there wag 

round, says Kirby, for the assertion of Linnceus, that 

e flies of M. vomitoria could devour a dead horse 

s quickly as a lion * ; and another Swedish naturalist 

marks, tliat so great are the powers of propagation of 

R single species, even of the smallest insects, that each 

1 commit, when required, more ravages than the 

iphent-f 



* KiHiy and Spe: 

t WiIeL<^ AmiEi 



, vol. i 



). 350. 



PRESEHVED BY INSECTS. 

Next to locusU, the aphides, perhaps, exert the 
gTEatesl power over the vegetable world, and, hke them, 
are sometimes so numerous as to ditrken the air. The 
■nultiplication of these httle creatures is without 
parallel, and almost every plant has its peculiar species. 
Reaumur has proved that in five generations one aphis 
may be the progenitor of 5,904,900,000 descendants ; 
Bnd it is supposed that in one year there may be twenty 
generations.* Mr. Curtis f observes that, as among 
(^erpillars we find some that are constantly and un- 
tllerably attached to one or more particular species of 
plants, and others that feed indiscriminately on most 
sartsof herbage, so it is precisely with the aphides; 
some are particular, others more general, feeders ; and 
as they resemble other insect^s in this respect, so they 
iId also in being more abundant in some years than in 
uthen, In 1793 they were the chief, and in 179S the 
»le,causeorthefailureofthehops. In 179+,aseason 
nlmwt unparalleled for drought, the hop was perfectly 
free from them, while peas and beans, especially the 
former, suffered very much from their depredations. 

The ravages of the caterpillars of some of our smaller 
moths afford a good illustration of the temporary in- 
crease of a species. Tlie oak-trees of a considerable 
"'ood have been stripped of their leaves as bare as in 
"inter, by the caterpillars of a small green moth ( Tor- 
^ mridana), which has been observed the year 
foUiwing not to abound. J The Gamma moth {^Plusia 
S'^'ma), although one of our common species, is not 
oreaded by us for its devastations, but legions of their 

* Kitbj and Spence, vol. i. p. 1 74. 

t TraOB. Linn. Soc., vol. vi. 

I Lib. Enl. Know., Insect Trans., p. 203. Sec Haivortli, 
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caterpillars have at times created alarm in France, as in 
1 735. Reaumur observes that the female moth lays about 
four hundred eggs ; so that if twenty caterpillars were 
distributed in a garden, and all lived through the w 
ter and became moths in the succeeding May, the egg! 
laid by these, if all fertile, would produce 800,000. • 
modern writer, therefore, justly observes that, did not I 
' Providence put causes in operation to Iteep them in ' 
^.due bounds, the caterpillars of this moth alone, leaving 
I out of consideration the two thousand other British 
jcies, would soon destroy more than half of our 
bregetation.-j- 

In the latter part of the last century an ant, moiC^ 

sstructive to the sugar-cane (^Formica saccharivora),^ 

q>peared in such infinite hosts in the island of Granada^ 

8 to put a stop to the cultivation of that vegetable.— • 

Heir numbers were incredible. The plantations anifl 

jads were filled with them ; many domestic quadru— 

aeds, together with rats, mice, and reptiles, and evenM 

Lbirds, perished in consequence of this plague. It wa^ 

toot till 1780 that they were at lengtli annihilated by^ 

L torrents of rain, which accompanied a dreadful hur — ' 

kricane.^ 

Devastations caused bjf locusts. — We may conclude 
L by mentioning some instances of the devastations oM 
■ locusts in various countries. Among otlier parts oM 
kAfrica, Cjrenaica has heen at different periods in — 
ftfeited by myriads of these creatures, which have con — ■ 
med nearly every green thing. The effect of the^" 
voc committed by them may be estimated by the 

* Reaumur, ii. S3T. 
' t Lib. EqL Know., Insect Trans., p. 212, 

{ Kirby and Spence, vol. I. p. 1B3. Caitic, Plul. Trani., 
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lamme they occasioned. St. Augustin mentions i 
plague of this kind in Africa which destroyed i! 
than 800,000 men in the kingdom of Masinissa aloiM 
and many more upon the territories bordering upi 
the sea. It is also related, that in the year 591 i 
infinite army of locusts migrated from Africa i 
Italy, and, after grievously ravaging the country, i 
cast into the sea, when there arose a pestiler 
their stench which carried off nearly a million of mt| 
uul beasts. 

In the Venetian territory, also, in 1478, more tl 
tbirty thousand persons are said to have perished ii 
famine occasioned by this scourge ; and other instance 
are recorded of tlieir devastations in France, 
Italy, Germany, &c In different parts of Russia aitHt 
Hungary, and Poland, — in Arabia and India, aj 
Gountries, — their visitations have been periodically e 
perienced. Although they have a preference for ci 
plants, yet, when these are consumed, they will attat 
almost all the remainder. In the accounts of the mtt 
nons of locusts, the statements which appear i 
marrellous relate to the prodigious mass of matted* 
which encumbers the sea wherever they are blown into 
jt, and the pestilence arising from its putrefaction. 
Their dead bodies are said to have been, in some places, 
heaped one upon another, to the depth of four feet, in 
Russia, Poland, and Lithuania ; and when, in southern 
Africa, they were driven into the sea by a north-west 
wind, they formed, says Barrow, along the shore, for 
fifty miles, a bank three or four feet high.* But when 
we consider that forests are stripped of their foliage, 
and the earth of its green garment, for thousands of 

Tnveli in Africa, p. 257. Kiiby and Spencc, vol. i- p. 9)5- 
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square mQes, it may well be supposed that the volume 
of animal matter produced may equal that of great 
herds of quadrupeds and flights of large birds suddenly 
scipitated into the sea. 

Tlie occurrence of such events at certain intervals, 
[itrles, like the severe winters and damp 
mers returning afler a series of years in the tern- 
fate zone, afiect tlie proportional numbers of almost 
9 classes of animals and plants, and arc probably fatal 
p the existence of tflany which would otherwise thrive 
;, while, on the contrary, they must be favourable 
&. certain species which, if deprived of such aid, might 

t maintain their ground. 

, Although it may usually be remarked that the ex- 

lordinary increase of some one species is immediately 

flowed and checked by the multiplication of another, 

;t this does not always happen ; partly because many 

MecieE feed in common on the same kinds of food, and 

rtly because many kinds of food are oflen consumed 

Bldifferently by one and the same species. In the 

prmer case, where a variety of different animals have 

recisely the same taste, as, for example, when many 

sectivorous birds and reptiles devour ahke some par- 

feular fly or beetle, the unusual numbers of these 

sects may only cause a slight and almost impercep- 

ible augmentation of each of these species of bird and 

reptile. In the other instance, where one animal preys 

n others of almost every class, as, for example, where 

■Tour English buzzards devour not only small quadrupedsi 

israbbits and field-mice,but also birds, frogs, lizards, and 

bisects, the profusion of any one of these last may cause 

"■ All such general feeders to subsist more exclusively upon 

'•e species thus in excess, by which means the balance 

iy be restored. 



iVTlL] AQUATIC AND TERKESTIIIAL SPECIES. 45 

Agencji of omnivorous animals. — The iiumber of 
species which are nearly omnivorous is considerable ; 
and although every animal has, perhaps, a predilection 
lor same one description of food rather than another, 
yet some arc not even confined to one of the great 
kingdoms of the organic world. Thus, when the racoon 
nf the West Indies can neither procure fowls, fish, 
mails, nor insects, it will attack the sugar-canes, and 
devour various kinds of grain. The civets, when 
sninifll food is scarce, maintain themselves on fruits 
and roots. 

Numerous birds, which feed indiscriminately on in- 
i«[B and plants, are perhaps more instrumental than 
my other of the terrestrial tribes in preserving a 
CDDStant equilibrium between the relative numbers of 
Afferent classes of animals and vegetables. If the in- 
Kcls become very numerous, and devour the plants, 
tliese birds will immediately derive a larger portion of 
their subsistence from insects, just as the Arabians. 
Sjriina, and Hottentots feed on locusts, when the 
™ist8 devour their crops. 

Rtdj^rocal mjiuence of aquatic and ferrestrial species. 
—The int'uuate relation of the itiliabitants of the water 
10 those of the land, and the influence exerted by each 
"ti Hie relative number of species, must not be over- 
Wed amongst the complicated causes which deter- 
mine the existence of animnls and plants in certain 
f^ns. A large portion of the amphibious quadrupeds 
Md reptiles prey partly on aquatic plants and animals, 
Md in part on terrestrial ; and a deficiency of one kind 
*f prey causes tliem to have immediate recourse to 
fte other, Tlie voracity of certain insects, as the 
^Wgon-fiy, for example, is confined to the water during 
We stage of their transformations, and in their perfect 
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I state to the air. Innumerable water-birds, both o 
I rivers and seas, derive in like manner their food in 
r differently from either clement ; so that the abmidanci 
I or scarcity of prey in one induces them either to for 
n more constantly to haunt the other. Thu 
Ian intimate connection between the state of tb 
I animate creation in a lake or river, and in the adjoin 
J dry land, is maintained ; or between a continenl 
I with its lakes and rivers, and the ocean. It is we 
I known that many birds migrate, during stormy seasoni 
I from the sea-shore into the interior, in search of food 
I while others, on the contrary, urged by like want 
I forsake their Inland haunts, and live on substance 
rejected by the tide. 

The migration of fish into rivers during the spawt 

ng season supplies another link of the same kini 

* Suppose the salmon to be reduced in numbers by som 

I marine foes, as by seals and grampuses, the const 

I quence must often be, that in the course of a few yeai 

the otters at the distance of several hundred mill 

I inland will be lessened in number from the scarcity i 

On the otlier hand, if there be a dearth of foe 

for the young fry of the salmon in rivers and estuarie 

so that few return to the sea, the sand-eels and oth( 

le species, which are usually kept down by tl 

salmon, will swarm in greater profusioo. 

It is unnecessary to accumulate a greater numb 

of illustrations In order to prove that the stations ■ 

different plants and animals depend on a great con 

plication of circumstances, — on an Immense variei 

of relations In the state of the animate and inanima 

, worlds. Every plant requires a certain climate, so 

I and other conditions, and oflen the aid of manyanima 

Q. order to maintain its ground. Many animals fei 
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on certain plants, being often restricted to a small 
number, and sometimes to one only ; other members 
of the animal kingdom feed on plant-eating species, 
and thus become dependent on the conditions of the 
Mians not only of their prey, but of the plants con- 
sumed by them. 

Having duly reflected on the nature and extent of 
these mutual relations in the different parts of the 
organic and inorganic worlds, we may next proceed to 
examine the results which may be anticipated from 
the fluctuations now continually in progress in the 
state of the earth's surface, and in the geographical 
distribution of its living productions. 
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Ion tif the range of one species allmtlie coaditi 
1 — Tlie first appeorance of a now ipecics i 
» the chief disturbance — Changes known to have resultul 
from the »d»aoce of human population — Whether man increun ' 
tbe praduclITO powers of thu earth — Indigeoous quadrupeds 
and birdi of Great Britain known to liare been eitirpaEcd — 
Extinction a( tlie Doilo — Rapid [iropagBtion uf the domectic 
quadrupeds over tlie American continent — Power of eiiennin- 
sting Bpecics no prerogative of man — Concluding remarks. 

I 'We have seen that the stations of animals and plants 

li'depead not merely on the iiiftucnce of external ageata 

t-in the inanimate world, and the relations of that in- 

E to the structure and habits of each species, but 

I'IiIbo on the state of the contemporary living beings 

I which inhabit tlie same part of the gluhe. In other 

, the possibility of the existence of a certain 

rs in a given locality, or of its thriving more or 

leas therein, is determined not merely by temperaturei 

■ humidity, soil, elevation, and other circumstances of 

mihe like kind, but also by the existence or non-existence, 

Bthe abundance or scarcity, of a particular assemblage 

if other plants and animals in the same region. 

If it be shown that both these classes of circum- 

whether relating to the animate or inanimate 

l^ation, are perpetually changing, it will follow that 

}ecies are subject to incessant vicissitudes; and if tbe 

,t of these mutations, in the course of ages, be so 
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neat as materially to affect the general condition of 
, it will follow that the successive destruction of 
must now be part of the regular and constant 
hler of nature. 
£xletttioTi of the range of one gpetnes alters the 
amditian of others. — It will be desirable, first, to con- 
sider the effects which every extension of the numbers 
or geographical range of one species must produce on 
the condition of others inhabiting the same regions. 
AWhen the necessary consequences of such extensions 
have been fully explained, the reader will be prepared 
tc appreciate the important i nfluence which slight mo- 
difications in the physical geography of the globe may 
exert on the condition of organic beings. 

In the first place it is clear that, when any region is 
stocked with as great a variety of animals and plants as 
the productive powers of that region will enable it to 
support, the addition of any new species, or the 
permanent numerical increase of one previously estab- 
lished, must always be attended either by the local 
externiinatioD or the numerical decrease of some other 
^cies. 

There may undoubtedly be considerable fluctuations 
from year to year, and the equilibrium may be again 
restored without any permanent alteration ; for, in par- 
ticular seasons, a greater supply of heat, humidity, or 
other causes, may augment the total quantity of ve- 
getable produce, in which case alt the animals sub- 
ueting on vegetable food, and others which prey on 
them, may multiply without »ny one species giving 
wy : but whilst the aggregate quantity of vegetable 
produce remains unaltered, the progressive increase 
of eoe animal or plant implies the decline of another. 
An agriculturists and gardeners are bmiliar with 
VOL. III. -a 
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let that, when weeds intrude theniEelveB into the space 
ipropriated to cuJtivated species, the latter are starved 
a their growth or stifled. If we abandon for a short 
e a field or garden, a host of indigenous plants, 

The darnel, hemlock, and rank funiilorr, 

PjMur in and obtain the mastery, extirpating the 
[<XOdcs, or putting an end to the monopoly of some na- 
Etive plants. 

If we Inclose a park, and stock it with as many deer 
I the herbage will support, we cannot add sheep 
■athout lessening the number of the deer; nor can 
r herbivorous species be subsequently Introduced, 
inless the Individuals of each species in the park be- 
e fewer in proportion. 
So, if there be an island where leopards are the only 
beasts of prey ; and tlie lion, tiger, and hytena after- 
wards enter, the leopards, if they stand their ground, 
will be reduced in number. If the locusts then arrive 
and swarm greatly, this may deprive a large number 
of phytophagous animals of their food, and thereby 
cause a famine, not only among them, but among the 
beasts of prey; — certain species, perhaps, which bad 
the weakest footing In the island may thus be anni- 
hilated. 

We have seen how many distinct geographical jwo- 

^ ivices there are of aquatic and terrestrial species, and 

w great are the powers of migration conferred on 

i'^Kfferent classes, whereby the inliabitants of one region 

Y be enabled from time to time to invade another, 

1 do actually so migrate and diffuse themselvM 

Fover new countries. Now, although our knowledge 

history of the animate creation dates from so 

mt.a period, that we can scarcely trace the advance 
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or decline of any animal or plant, except in those 
cases where the influence of man has intervened, yet 
we can easily conceive what must happen when some 
new colony of wild animals or plants enters a region 
for the first time, and succeeds in establishing itself. 

Supposed effects of the first entrance of ike Polar 

Uar into Iceland. — Let us consider how great arc the 

devastations committed at certain periods by the 

Greenland bears, when they are drifted to the shores 

I of Iceland in considerable numbers on the ice. These 

^Mnodical invasions are forniidable even to man ; so 

^|HL when the bears arrive, the mhabitants collect 

^^JnSier, and go in pursuit of them with fire-arms — 

^Rft native who slays one being rewarded by the king 

of Denmark. The Danes of old, when they landed in 

their marauding expeditions upon our coast, hardly 

esdted more alarm ; nor did our islanders muster more 

promptly for the defence of their hves and property 

against a common enemy than the modem Icelanders 

against these formidable brutes. It often happens, 

says Henderson, that the natives are pursued by the 

bear when he has beenlongat sea, and when his natural 

ferocity has been heightened by the keenness of 

hunger ; if unarmed, it is frequently by stratagem only 

that they make their escape.* 

Let us cast our thoughts back to the period when 
the first Polar bears reached Iceland, before it was 
colonized by the Norwegians in 874 ; we may imagine 
the breaking up of an immense barrier of ice, like that 
which, in 1816 and the following year, disappeared 
from the east coast of Greenland, which it had sur- 
rouaded for four centuries. By the aid of such 
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rcM iwhIwb of these quadrupeds 
C cfcct a bM&ng st the nne time, and [he havoc 
h tbej wmdd makx anoog Ae specie* previously 
' 'd die idaui vooU be terrific. The deer, 
■If, and CTca birdt, on which these animtls 
s jnj, wooU be soon thinned down. 
t thiB wDidd be a pan onlj, and probablj an iiu 
itportioa, of theaggr^ateamouDt of change 
^t Aoat hj Ifae new invader. The plants on 
r (riiicfa the deer fed being less consumed in consequence 
of the les&eoed numbers of that herbivorous species, 
I Tould soon supply more food to several insects, and 
I probably to some terrestrial testacea, so that the latter 
I would gain ground. The increase of these would fiir- 
nish other insects and birds with food, so that the 
I numbers of these last would be augmented. The di- 
[ minution of the seals would affgrd a respite to some 
r fish which they had persecuted ; and these fish, in 
L tlieir turn, would then multiply and press upon their 
w peculiar prey. Many water-fowls, the eggs and young 
1 of which are devoured by foxes, would increase wb^ 
I the foxes were thinned down by the bears ; and the 
E'fish on which the water-fowls subsisted would then, in 
f their turn, be less numerous. Thus the numerical 
I proportions of a great number of the inhabitants, both 
I of the land and sea, might be permanently altered by 
I thesettlingof one new species in the region ; and the 
I changes caused indirectly would ramity through all 
asses of the living creation, and be almost endless. 

I actual illustration of what we have here only 
ropo*ed hypothetical ly, is in some degree afforded by 
B selection of small islands by the eider duck for its 
Bsidence during die season of incubation, its nests 
!^ng seldom if ever found on the shores of the main 
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Kfiaf^ or even of a large Island. The Icelanders are so 
^HBR aware of tliis, that they have expended a great 
^nd of labour in forming artificial islands, by separ- 
ating from the main land certain promontories, joined 
to it by narrow isthmuses. This insular position is 
necessary to guard against the destruction of the eggs 
tnd young birds, by foxes, dogs, and other animals. 
One year, says Hooker*, it happened that, in the 
«rib11 island of Vidoc, adjoining the coast of Iceland, a 
fox got over upon the ice, and cauj^ed great alar m ,as 
>n immense number of duclcs were then sitting on their 
^gs or yornig ones. It was long before he was taken, 
vhlch was at last, however, effected by bringing 
another foK to the island, anal fastening it by a string 
near the haunt of tlie former, by whicli he was allured 
within shot of the hunter, 

Thejirit appearance of a new tpecies caiwei (Ae 
dii^ditturianee. — It is usunHy the first appearance of 
an animal or plant, in a region to which it was pre- 
viously a stranger, that gives rise to the chief alteration ; 
Mice, after a time, an equilibrium is again established. 
But it must require ages before such a new adjustment 
of the relative forces of so many conflicting agents can 
be definitively settled. The causes in simultaneous 
action are so numerous, that they admit of an almost 
infinite number of combinations ; and it is necessary 
that all these should have occurred once before the 
total amount of change, capable of flowing from any 
new disturbing force, can be estimated. 

Thus, for example, suppose that once in two cen- 
turies a frost of unusual intensity, or a volcanic eruption 
^r great vttrience -accompanied by Hoods from the melt- 




54 



CHANGES CAUSED BY THG FKOGRESIJ CBook III. 



ing of glaciers, should occur in Iceland ; or an epidemic 
disease, fatal to the larger number of individuals of 
Bome one species, and not affecting others, — these, 
And a variety of other contingenciea, all of which may 
occur at once, or at periods separated by different 



intervals of time, ought t 
possible for us to 
presence of any 
mentioned, might c 
the isle. 

Every new condit 
inorganic 



happen before it would be 
t ultimate alteration the 
such as the bear before 
the animal population of 

the state of the organic or 
niinal or plant, an additional 



F-clad mountain, any permanent change, however 
slight in comparison to the whole, gives rise to a new 
order of things, and may make a material change in 
regard to some one or more species. Yet a swarm of 
locusts, or a frost of extreme intensity, may pass 
Away without any great apparent derangement! no 
speciee may be lost, acid all may soon recover their 
former relative numbers, because the same scourges 
inay have visited the region again and again, at pre- 
jl^eding periods. Every plant that was incapable of 
resisting such a degree of cold, every animal which was 
exposed to be entirely cut off by famine, in consequence 
of the consumption of vegetation by the locusts, m&y 
have perished already, so that the subsequent recur- 
rence of similar catastrophes is attended only by a 
temporary change. 



Chatiffes caused by Man. 



We are best acquainted with the mutations brought 
about by the progress of human population, and the 
growth of plants and animals favoured by man. To 



pp^' 
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these, therefore, we should, in the first instance, turn 
our attention. If we conclude, from the concurrent 
testimony of history and of the evidence yielded by 
geological data, that man is, coinparativcly speaking, of 
very modern origin, we roust at once perceive how 
great a revolution in the state of the animate world the 
increaEe of the human race, considered merely as con- 
sumers of a certain quantity of organic matter, must 
necessarily cause. 

Wltether man increases the productive powers of the 
h. — It may, perhaps, be said, that man has, in 
; degree, compensated for the appropriation to 
elf of 90 much food, by artificially improving the 
d productiveness of soils, by irrigation, manure, 
I a judicious intermixture of mineral ingredients 
^ed from different localities. But it admits of 
lable doubt whether, upon the whole, we fertilize 
Upoverish the lands which we occupy. This 
1 may seem startling to many, because they 
are so much in the habit of regarding the sterility or 
productiveness of land in relation to the wants of man, 
■nd not as regards the organic world generally. It is 
difficult, at first, to conceive, if a morass is converted 
into arable land, and made to yield a crop of gram, 
even of moderate abundance, that we have not im- 
proved the capabilities of the habitable surface — that 
*% have not empowered it to support a larger quantity 
of organic life. In such cases, however, a tract, before 
of no utility to man, may be reclaimed, and become 
of high agricultural importance, though it may, never- 
(lieleaa, yield a scantier vegetation. If a lake be 
drained, and tm^ed into a meadow, the space will 
provide sustenance to man, and many terrestrial ani- 
D 4 
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mals serviceable to him, but not, perhaps, so much 
food as it previously yielded to the aquatic races. 

If the pestiferous Pontine Marshes were drained, 
and covered with corn, like the plains of tlie Po, they 
might, perhaps, feed a smaller number of animals than 
they do now ; for these morasses are filled with herds 
of bufTaloes and swine, and they swarm with birds, 
1 Kptiles, and insects. 

The felling of dense and lolly forests, which covered, 
iven within the records of history, a considerable 
I ^lace on the globe, now tenanted by civilized man, 
St generally have lessened the amount of vegetable 
I food throughout the space where these woods grew. 
L We must also take into our account the area covered 
by towns, and a still larger surface occupied'by roads. 
If we force the soil to bear extraordinary crops one 
fear, we are, perhaps, compelled to let it lie fallow 
the next. But nothing so much counterbalances the 
iertilizing effects of human art as the extensive cul- 
tivation of foreign herbs and shrubs, which, although 
they are often more nutritious to man, seldom thrive 
' with the same rank luxuriance as the native plants of 
[ a district Man is, in truth, continually striving to 
I diminish the natural diversity of the sCalions of animals 
I and plants in every country, and to reduce them all to 
B small number fitted for species of economical use. 
He may succeed perfectly in attaining his object, even 
though the vegetation be comparatively meagre, and 
the total amount of animal life be greatly lessened, 

Spix and Martius have given a lively description of 
the incredible number of insects which lay waste the 
crops in Brazil, besides swarms of monkeys, flocks of 
parrots, and other burds, as well as the paca, agouti. 
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and wild swine. They describe the torment which 
the planter and the naturalist suffer from the musijui- 
and the devastation of the ants and blattie ; they 
of the dangers to which they were exposed from 
l&guar, the poisonous serpents, lizarilfl, scorpions, 
ledes, and spiders. But with the increasing 
population and cultivation of the country, observe these 
naturalists, these evils will gradually diminish ; when 
the inhabitants have cut down the woods, drained the 
marshes, made roads in ail directions, and founded vil- 
lages and towns, man will, by degrees, triumph over 
the rank vegetation and the noxious animals, and all 
ibe elements will second *nd amply recompense his 
activity.* 

The number of human beings now peopling the 
earth U supposed to amount to eight hundred millions, 
M that we may easily understand how great a number 
9f beasts of prey, birds, and animals of every class, 
this prodigichus population must have displaced, in- 
dependently of the still more important consequences 
which have followed from the derangement brought 
^iit by man in the relative numerical strength of 
particular species. 

ladigenous quadrupeds and birds extirpated in Great 
Bribdn. — Let us make some inquiries into the extent 
oT the influence which the progress of society has 
dated during the last seven or eight centuries, in 
altering the distribution of our indigenous British 
inimals. Dr. Fleming has prosecuted this inquiry 
"ith his usual zeal and ability; and in a memoirf on 
the subject has enumerated the best authenticated 
cump^ of the decrease or extirpation of certiuii 

* TraTelB in Brazil, yo\. i. p. S60. 

t Ed. PbU. Journ., No. iiii, p. 287. Oct. 1. 
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' Species during a period when our population has madi 
the most rapid advances. 1 shall offer a brief outlini 
»f his results. 

The stag, as well aa the fallow deer and the roe 
were formerly so abundant in our island, that, accord' 
g to Lesley, from five hundred to a thousand wen 
aoraetimes slain at a liunting-match: but the nativf 
races would already have been extinguished, had the] 
not been carefully preserved in certain forests. The 
otter, the marten, and the pole-cat, were also in bii£ 
ficient numbers to be pursued for the sake of their fuij 
but they have now been reduced within very namni 
bounds. The wild cat and fox have also been sacri' 
ficed throughout the greater part of tlie country, foi 
the security of the poultry-yard or the fold. Badgen 
have been expelled from nearly every district whicfc 
at former periods they inhabited. 

Besides these, which have been driven out froni 
gome haunts, and every where reduced in numberi 
there are some which have been wholly extirpated^ 
such as the ancient breed of indigenous horses, and 
the wild boar; of the wild oxen, a few remains arc 
■till preserved in the parks of some of our nobiti^, 
The beaver, which was eagerly sought after for its fur, 
had become scarce at the close of the ninth century 
And, by ihetwelfthcentury, wasonlytobemetwitb.acx 
cording to Giraldus de Barri, in one river in Wales, and 
another in Scotland. The wolf, once so mucli dreaded 
by our ancestors, is said to have maintained its gTound 
la Ireland so late as the begiiming of the eighteentli 
century (1710), though it bad been extirpated ii 
Scotland thirty years before, and in England at t 
much earlier period. The bear, which, in Wales, wa( 
«|[arded as a beast of the chase eijual to tlte hare u 
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tbe boar*, only perished, as a native of Scotland, in 
the year 1057. f 

Many native birds of prey have also'been the sub- 
jects of unremitting persecution. The eagles, larger 
hawks, and ravens, have diaappeared from the more 
caltivated districts. The haunts of the mallard, the 
snipe, the redshank, and the bittern, have been drained 
equally with the summer dwellings of the lapwing and 
die curlew. But these species still linger in some 
portion of the British isles ; whereas the large caper- 
cailzies, or wood grouse, formerly natives of the piiie- 
fiirests of Ireland and Scotland, have been destroyed 

Kin the last fifty years. The egret and the crane, 
b appear to have been formerly very common in 
land, are now only occasional visitants. :t 
llie bustard (Oft's tarda), observes Graves, in 
Us British Omithology§, "was formerly seen in the 
domiB and heaths of various parts of our island, in 
flocks of forty or fifty birds ; whereas it is now a cir- 
cumstance of rare occurrence to meet with a single 
individual." Bewick also remarks, " that they were 
formerly more common in this island than at present ; 
iheyare now found only in the open counties of the 
Muth and east — in the plains of Wiltshire, Dorset- 
(hire, and some parts of Yorkshire." In the few years 
that have elapsed since Bewick wrote, this bird has 
entirely disappeared from Wiltshire and Dorsetshire.!] 
These changes, it may be observed, are derived 
from very imperfect memorials, and relate only to the 
larger and more conspicuous animals inhabiting a small 

• Ray, Syn. Quad., p. 214. 
t Fleming, Ed. Pbil. Journ,, No. iiii. p. 295. 
I Fleming, ibid., p. S93. ; Vol. iii., Londun, IB21. 

I Biraa, vol. I. p. 316. e<). 1821. 




■ ^ the C^eafUvod Hare- k>w«fal^B» 
r Cm; iu w^t ilvn, Bke dMM of 

Ijr, cm far a ifast fligkt. In its fciawJ, 
it Wfcrtd fraa tke artfid^ MBwi y, w 

Md. 

■nliMa gnv figiBc* of tfae doda after die 
tt af die •ercntcenth ceBCuiT ; 
I i> a pMBling of it in the British Moseon). wluc^ is nid 
[ 49 bare been taken from a liriiig individuaL 
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B Mfaer kaoirn bird. In the museum at Oxford, also, 
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I'M. Cufier doubts ifae identity of this species with 
1 ttat tff which the painting is preserved in London.* 
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In spite of Che most active search, during the tast 
century, no inrormation respecting the dodo was 
obtained, and some authors have gone so far as to pre- 
tend that it never existed ; but, amongst a great mass 
of aatistactory evidence in favour of the recent esiBt- 
I ence of this species, we may mention that an aasem- 
Bilge of fossil bones were recently discovered, under a 
^■W of lavs, in the Isle of France, and sent to the Paris 
f^neum by M. Desjardins. They almost all belonged 
toa lai^e living species of land- tortoise, called Tesludo 
likdica, but amongst them were the head, sternum, 
and hutaerus of the dodo. M. Cuvier showed me 
iheae valuable remains in Paris, and assured me that 
they left no doubt in his mind that the huge bird was 
toe of the gallinaceous tribe.* 

Bai^ ptt^agation of dom£stic quadrupeds over the 
Amtrican continent. — Next to the direct agency of 
nan, his indirect influence in multiplying the numbers 
of large herbivorous quadrupeds of domesticated races 
iDBy be regarded as one of the most obvious causes of 
the extermination of species. On this, and on several 
other grounds, the introduction of the horse, ox, and 
Wfaer mammalia, into America, and their rapid propa- 
gUion over that continent within the tost three cen- 

itdCKTre) commecnotalion ; and it is with no small interest thai 
■e kuo, Grom the archives of thu University of Oirord, tbe 
mctdaj uid year wben the rtmains uf (be last specimen of tbe 
dgdCiwbicb tuul been peimitted to rot in the Aibmolean museum, 
were cut away. The relics, we are told, were "a Musxo sub- 
*)«», annuenle Vice-cancellario aliisquc curaloribua, ad ca lui- 
nnda eonvocatiB, die Juiuarii, 8*°., A.D. 1735." — Zool. Joum., 
Ko. 13. p. 559. 1S9S. 

* Sdt quetques Ossemens, Sic, — Ana. des Sci., tome iii. 
^10^. Sept. 1830. 
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F turies, is a fact of great importance in natural history. 
I The extraordinary herds of wild cattle and horses 
I which over-ran the plains of South America sprung 
. very few pairs first carried over by the 
I Spaniards ; and they prove that the wide geographical 
I range of large speciea in great continents does not 
I necessariiy imply that they have existed there from 
remote p«'iods. 

Humboldt observes, in his Travels", on the authority 

of Azzara, that it is believed there exist, in the Pampas 

of Buenos Ayres, twelve million cows and three million 

I horses, without comprising, in this enumeration, the 

I eattle that have no acltnowledged proprietor. In the 

Llanos of Caraccas, the rich hateros, or proprietors of 

I pastoral farms, are entirely ignorant of the number of 

I cattle they possess. The young are branded with a 

I mark peculiar to each herd, and some of the roost 

' wealthy owners mark as many as fourteen thousand a 

; year. In the northern plains, from the Orinoco to the 

; fadce of Maracaybo,M.DeponB reckoned that 1,200,000 

n, 180,000 horses, and 90,000 mules, wandered at 

e.f In some parts of the valley of the Mississippi, 

I especially in the country of the Osage Indians, wild 

r horses are immensely numerous. 

The establishment of black cattle in America dates 
from Columbufi's second voyage to St. Domingo. They 
I there multiplied rapidly ; and that island presently be- 
a kind of nursery from which these animals were 
successively transported to various parts of the conti- 
nental coast, and from thence into the interior. Not- 
I withstanding these numerous exportations, in twenty- 
seven years after the discovery of the island, herds of 

" Pen. Nar.,Tol.iY. 

t Quarterly Heview, toI. xxi. p. 335. 
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four thousand head, as we leiirn i'rom Oviedo, were not 
uncommon, and there were even some that amounted 
to eight thousand. In 1.587, the number of hides ex- 
ported from St. Domingo alone, according to Acosta's 
report, was 3.5,44i+; and in the same year there were 
exported 61,350 from the ports of New Spain. This 
was in the sixty-fifth year after the taking of Mexico, 
previous to which event the Spaniards, who came into 

that country, had not been able to engage in any thing 

else than war.* 
AH our readers are aware that these animals are 

now established throughout the American continent, 

trom Canada to Paraguay. 
The ass has thriven verj generally in the New 

World ; and we learn from UUoa, that in Quito they 

Rwild, and multiplied in amazing numbers, so as to 
Kne a nuisance. They grazed togetlicr in herds, 
when attacked, defended themselves with their 
iths. If a horse happened to stray into the places 
■here they fed, they all fell upon him, and did not 
cease biting and kicking till they leA: him dead.f 

The first hogs were carried to America by Colum- 
bus, and established in the island of St. Domingo the 
year following its discovery, in November, l+gs. In 
succeeding years they were introduced into otiier places 
•here the Spaniards settled ; and, in the space of half 
1 century, they were tbund established in the New 
World, from the latitude of 25" north, to the 40th de- 
gree of south latitude. Sheep, also, and goats have 
multiplied enormously in the New World, as have 
alto the cat and the rat, which last, as before stated, 
hu been imported unintentionally in ships. The ' 



• Qimnerly Review, »d1. iii. p. 335. 
t Ullcm'g Voyage. Wood's Zoog., vol 
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l^gH introduced by man, which have at dififerent pe- 
(lioda become wild in America, hunted in packs, like 
die wolf and the jackal, destroying not only hogs, but 
fllxe calves and foals of the wild cattle and horses. 

Ulloa in his voyage, and Buffon on the authority of 
old writers, relate a fact which illustrates very clearly 
I the principle before explained by ug, of the check which 
[ <he increase of one animal necessarily oflers to that of 
I another. The Spaniards had introduced goats into the 
I island of Juan Fernandez:, where they became so pro- 
k lific as to furnish the pirates who infested those seas 
I with provisions. In order to cut off tliis resource from 
I tiie buccaneers, a number of dogs were turned loose 
into the island ; and so numerous did they become in 
' their turn, that they destroyed the goats in every ac- 
t.cessible part, after which the number of the wild dogs 
■ again decreased.* 

Increase of rein-deer imparled into Iceland. — As an 
jxaniple of the rapidity with which a large tract may 
t peopled by the offspring of a single pair of 
Iquadrnpedg, 1 may mention, that in the year 1773 
^4lurtecn rein-deer were exported from Norway, only 
e of which reached Iceland. These were turned 
use into the mountains of Guldbfinge Syssel, where 
Kthey multiplied so greatly, in the course of forty years, 
B^at it was not uncommon to meet with herds consist- 
King of from forty to one hundred in various districts. 

In Lapland, observes a modem writer, the rein-deer 

■1b a loser by his connexion with man, but Iceland will 

-eature'fi paradise. There is, in the interior, 

t tract which Sir G. Mackenzie computes at not leu 

a forty thousand square miles, without a single 

• BuSba, voL i. p. 100. UIW* Voyage, voL ii. p. 9S0. 
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^JniDan h&bitation, and almost entirely unknown to the 
^Kdres themselves. There are no wolves ; the Ice- 
Vmders wiJI keep out the bears ; and the rein-deer, 
t unmolested by man, will have no enemy 
whateverj unless it has brought with it its own tor- 
menting gad-fly. * 

Besides the quadrupeds before enumerated, our do- 
mestic fowls have also succeeded in the West Indies 
ud America, where they have the common fowl, the 
goose, the duck, the peacock, the pigeon, and the 
goInea-fowL As these were otten taken suddenly from 
the temperate to very hot regions, they were not reared 
It tint without much difficulty; but after a few gener- 
ations they became familiarized to the climate, which, 
in many cases, approached much nearer than that of 
Europe to the temperature of their original native 
countries. 

Tile fact of so many millions of wild and tame indi- 
viduals of our domestic species, almost all of them the 
largest quadrupeds and birds, having been propagated 
tiiroughout the new continent within the short period 
that has elapsed since the discovery of America, while 
M appreciable improvement can have been made in 
the productive powers of that vast continent, aiFords 
■bundant evidence of the extraordinary changes which 
Kcompany the diffusion and progressive advancement 
efthe human race over the globe. That it should have 
remained for us to witness Guch mighty revolutions is 
aproofi even if there was no other evidence, that the 
ratnmce of man into the planet is, comparatively 
ipeaking, of extremely modern date, and that the 
» of his agency are only beginning to be felt. 

ia Iceland in laiO, p. 342. 




PopuitUioH which die globe u capable of tupportintf. 
— A modern writer has estimated, that there are in 
America upwards of fuur million Bquare miles of ueeAiI 
soil, each capable uf supporting two hundred persons; 
and nearly six million, each mile capable of supporting 
490 persons. * If this conjecture be true, it will follow, 
as that autlior observes, tjiat if the natural resources 
of America were fully developed, it would afford bub- 
tenance to five times as great a numlier of inhabitants 
as the entire mass of human beings existing at present 
upon the globe. The new continent, he thinks, though 
less than half the size of the old, contains an equal 
quantity of useful soil, and much more than an equal 
amount of productive power. Be this as it may, we 
may safely conclude that the amount of human popu- 
lation now existing constitutes but a small proportion 
of that which the globe is capable of supporting, or 
which it is destined to sustain at no distant period, by 
the rapid progress of society, especially in America, 
Australia, and certain parts of the old continent. 

Power of ex^miwoing species no prerogative of num. 
—But if we reflect that many millions of square miles 
of the most fertile land, occupied originally by a bound- 
teas variety of animal and vegetable forms, have been 
already brought under the dominion of man, and com- 
pelled, in a great measure, to yield nourishment to 
him, and to a limited rumber of plants and animals 
which he has caused to increase, we must at once be 

' convinced, that the annihilation of a multitude of spe- 
cies has already been effected, and will continue to go 

_ on hereafter, in certain regions, in a still more rapid 

I ratio, as the colonies of liighly-civilized nations spread 

r themselves over unoccupied lands. 

* MacUren, art. America. Eacyc. BriunniciL 
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Yet, if we wield the sword of extermination as we 
advance, we have no reason to repine at the havoc 
Dommitted, nor to fancy, with the Scotch poet, that 
" we violate the social union of nature ; " or complain, 
mlb the melancholy Jaquea, that we 

Are mere oiurpen, tjranls, and nbat 's worse. 
To fright the animals and to kill [liem up 
In tbdr suign'd and native dwi;!linj;-|ilaci:. 
We have only to reflect, that in thus obtaining pos- 
Kulon of the earth by conquest, and defending our 
scquisitiona by force, we exercise no exclusive prero- 
g«dve. Every species which has spread itself from a 
tmall point over a wide area must, in like manner, have 
marked its progress by the diminution or the entire 
extirpation of some other, and must maintain its ground 
bf a successfiil struggle against the encroachments of 
Kher plants and animals. That minute parasitic plant, 
oiled " the rust" in wheat, lias, like the Hessian fly, 
Ifae locust, and the aphis, caused famines ere now 
unongst the " lords of the creation." The moat In- 
Bgnificanl and diminutive Kpecies, whether in the 
uimal or vegetable kingdom, have each slaughtered 
their thousands, as they disseminated themselves over 
the globe, as well as the lion, when first it spread itself 
over the tropical regions of Africa. 

Coacludinff remarks. — Although we have as yet 
muidered one class only of the causes (the organic) 
thereby species may become exterminated, yet it 
cannot but appear evident that the continued action 
of these alone, throughout myriads of future ages, 
must work an entire chajige in the state of the organic 
Creadon, not merely on the continents and islands, 
where the power of man is chiefly exerted, but in the 
great ocean, where his control is almost unknown. 
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The mind is prepared by the contemplation o 
future revolutions to look for the signs of others 
analogous nature, in tlie monuments of the pasi 
stead of being astonished at the proofs there mani 
of endless mutations in the animate world, thi 
ap|>ear to one, who has thought profoundly c 
fluctuations now in progress, to alford evidence ia 
of tbe uniformity of the system, unless, indeed, ' 
[trecluded from speaking of uniformity when wi 
a principle of endless variation. 
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Fowen of diffusion indispcnsabli^ lliitt each sp^ics ma, 
ill ground — How changes in the physical geography affect ll 
A'ttribution of species — Rate of the change of species 
thii cause c»niiot be unifoi-m — Each change in the phyeid 
geography of large regions must occasion the e\( 
qxcies — ESecla of a general alteration of climate oi 
pition of species — Gradual refrigeration would cai 
in the northern and southern hemispheres to become diatinc 
delation of temperature the reverse — Effects on Ih. 

>s nhich must result from inorganic changes vhj incoD j 

vilh the theory of transmutalion. 



"diffusion indispensable that each species n 

its ground. — Having shown in the laHf] 

chapter bow considerably the numerical increa! 

ntension of the geograpliical range of any one specietf'l 

iderange the numbers and distribution of other^l 

, now direct oat attention to the influence whidtg 

: inorganic causes described in the second book ai^ 

CDfltinually exerting on the habitations of species. 

So great is the instability of the earth's surface, thatf 
if nature were not continually engaged in the task o 
•owing seeds and colonizing animals, the depopulation 
of a certain portion of the habitable sea and land would 
10 a few years be considerable. Whenever a river 
iransporta sediment into a lake or sea, the aquatic ani- 
■uli and plants which delight in deep water are ck- 
petled : the tract, however, is not allowed to Tem^nv 
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ut is soon peopled by species which require 
ftmore light und heat, and thrive where the water is 
Vghallow. Every addition made to the land by the en- 
BiCroachment of the delta of a river banishes many sub- 
I aqueous species from their native abodes ; but the new- 
lin is not permitted to lie unoccupied, being 
r instantly covered with terrestrial vegetation. The 
I ocean devours continuous lines of sea-coast, and pre* 
t cipitates forests or rich pasture land into the waves; 
I but this space is not lost to the animate creation, for 
\ ihellg and sea-weed soon adhere to the new-made cliffs, 
I pndnumcrous tish people the channel wliich the current 
K has scooped out for itself. No sooner has a volcanic 
»le been thrown up than some lichens begin to grow 
upon it, and it is sometimes clothed with verdure, 
rwhile smoke and ashes are still occasionally thrown 
Vfrom the crater. The cocoa, pandanus, and mangroTe 
1-take root upon the coral reef before it has fairly risen 
ftttbove the waves. The burning stream of lava that 
^descends from Etna rolls through the stately forest^ 
land converts to ashes every tree and herb which stands 
Kin its way ; but the black strip of land thus desolated 
■ is covered again, in the course of time, with oaks, pines, 
I aad chestnuts, as luxuriant as those which the fiery 
P torrent swept away. 

Every flood and landslip, every wave which a hur- 
! ricane or earthquake throws upon tiie shore, eveiy 
F shower of volcanic dust and ashes which buries a 
I country far and wide to the depth of many feet, every 
[ advance of the sand-flood, every conversion of salt- 
l water into fresh when rivers alter their main channel 
|of discharge, every permanent variation in the rise or 
|fiUl of tides in an estuary — these and countless other 
IS displace in the course of a few centuries certain 
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jriants and animals from stations which they previously I 
occupied. If, therefore, the Author of nature had not | 
becD prodigal of those nunierous contrivances, before I 
dluded to, for spreading all classes of organic beings 
over the earth^if he had not ordained that the flue- i 
tuations of the animate and inanimate creation should' ! 
be b perfect harmony with each other, it is evident- I 
that considerable spaces, now the most habitable on i 
the globe, would soon be as devoid of life as are the J 
Alpine snows, or the dark abysses of the ocean, or tils' | 
moving sands of the Sahara. 

The powers then of migration and diffusion confer* 
red on animals and plants are indispensable to enable I 
Aem to maintain their ground, and would be necessary I 
erea though it were never intended that a species 
rilould gradually extend its geographical range. But | 

fiicility of shifting their quarters being once given, ' 
il cannot fail to happen that the inhabitants of one 
|>roTince should occasionally penetrate into some other, 
the strongest of those barriers which I before 
described as separating distinct regions are all hable to | 
be thrown down, one after the other, during the vicis- , 
ntudes of the earth's surface. 

How changes in physical geography affect the dislri- J 
isfl'OTj t>f species, — The numbers and distribution of ] 
particular species are affected in two ways, by change! ' 
in Che physical geography of the earth. First, these 
changes promote or retard the migrations of species t 
Hcondly, they alter the physical conditions of th« ) 
Iwalities which species inhabit. If the ocean should J 
pidualiy wear its way through an isthmus, like that of 
SueK, it would open a passage for the intermixture of 
ihe aquatic tribes of two seas previously disjoined, and 
"mk^ «t the same time, close a ftee oommoatcttUda 
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developed, happen to strike upon some particular 

regiou where a slight change of level imniediate]; 

affects the distribution ol' land and water, or the stale 

of the climate, or the barriers between distinct groups 

of species over »i.tensive areoa, that the rate of fluctua- 

f tion becomes accelerated, and maj, in the course of a 

IV jears or centuries, work mightier changes than had 

I been experienced in myiiads of antecedent years. 

Thus, for example, a repetition of subsidences causing 

the narrotr isthmus of Panam^ to sink down a few 

bundred feet, would, in a few centuries, bring about g 

I great revolution in the state of the animate creation in 

e western hemispliere. Thousands of aquatic speciei 

I would pass for the first time from the Caribbean Set 

I into the Pacific ; and thousands of others, before pe- 

: culiar to the Pacific Ocean, would make their way into 

I the Caribbean Sea, the Gulf of Mexico, and the Atlan^ 

A considerable modification would probably be occa- 

eioned by the same event in the direction or volume rf 

[ flie Gulf stream, and thereby the temperature of these* 

f and the contiguous lands might be altered as far as die 

bfluenceof that current extends. A change of climate 

might thus be produced in the ocean from Florida lo 

Spitsbergen, and in many countries of North Americti 

I Europe, and Greenland. Not merely the heat, but thi 
quantity of rain which f^ls would be altered in certain 
districts, so tliat many species would be excluded from 
tracts where tliey before flourished ; others would be 
reduced in number ; and some would thrive more and 
multiply. The seeds also aud the fruits of plants would 
no longer be drifted in precisely the same directions, 
nor the eggs of aquatic animals ; neither would speciei 
be any longer impeded in their migrations towards par- 
ticular stations before shut out from them by their 
JDability to cross the mighty current. 
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Let us take another example irom a part of the globe 
which iH at present liable to suffer by earthquaki 
namely, the low sandy tract which intervenes between 
the sea of Azof and the Caspian. If there should 
asinking down to a trilling amount, and such ravinesi 
should be formed as mightbeprodacedby a few earth- 
quakes, not more considerable than have fallen within 
our limited observation during the last I40 years, the 
v&tcFB of the sea of Azof would pour rapidly into the 
Caspian, which, according to the levellings of the Rus— 
nan travellers, Engelhardt and Parrot *, is about 356' 
feet beJow the level of the Black Sea. The sea ofj 
Azof would immediately borrow from the 
Euxine from tlie Mediterranean, and the Mediterraneatt] 
from the Atlantic, so that an inexhaustible current 
would pour down into the low tracts of Asia bordering 
the Caspian, by which all the sandy salt steppei 
cent to that sea would be inundated. An area of at 
least eighteen thousand square leagues, now below the 
level of the Mediterranean, would be converted from 
land into sea. 

The diluvial waters would reach the salt lake of AraU' 
iMjr stop until their eastern shores were bounded by th^' 
high land which in the ateppc of the Kirghis conned 
the Altay with the Himalaya mountains. Saratof, 
Orenburg, and the low regions of the Oxus and Jaxar- 
[es, would be submerged, A few years, perhaps 
months, might suffice for the accomplishment of this 
great revolution in the geography of the interior 
Asia; and it is impossible for those who believe in the 
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permanence of the energy with which existing causd 
now act, not to antici[}Qte analogous events again and 
again in the course of future ages. 

lUuslration derived from the elevation of land. — Let 
us next imagine a few cases of the elevation of land rf 
email extent at certain critical points, as, for example, 
in the shallowest jiarts of the Straits of Gibraltar, where, 
the soundings irom the African to the European side; 
give only 220 fathoms. In proportion as this subma-. 
rine barrier of rock was upheaved, to effect which would' 
merely require the shocks of partinl and confined earth-- 
quakes, the volume of water wjiich pours in from thS; 
Atlantic into the Mediterranean would be lesseneij 
But the loss of the inland sea by evaporation would' 
remain the same, so that being no longer able to &raM 
on the ocean for a supply aufficient to restore its equi* 
librium, it must sink, and leave dry a certain portion rf 
land around its borders. Tlie current which now flowi 
constantly out of the Black Sea into the MediterraneBO 
would then rush in more rapidly, and the level of dw 
Mediterranean would be thereby prevented from feU» 
ing 80 low ; but the level of the Black Sea would, filt 
the same reason, sink : so that when, by a continued 
series of elevatory movements, the Straits of Gibrallir 
had become completely closed up, we might expect* 
large and level sandy steppes to surround both the I 
Euxine and Mediterranean, like those occurring all 
present on the skirts of the Caspian, and the Lake ofi 
Aral. The geographical range of hundreds of aquatic | 
species would be thereby circumscribed, and that rf' 
hundreds of terrestrial plants and animals extended. ' 
Aline of submarine volcanos crossing the channel 
of some etrait, and gradually choking it up with ashel 
and lava, might produce a new barrier as effectually as 
^H series of earthquakes ; especially if thermal springs. 



ith carbonate of lime, silica, and oUier mi^en^ 
should proniote the rapid multiplication (^ 
a/id shells, and cement them together with eoHA 
natter precipitated during the intervals between erupi 
dons. Suppose in this manner a stoppage to b 
of the Bahama Channel between the bank of tliat nanjcg 
and the coast of Florida. This insignificant revolutioi 
confined to a mere spot in the bottom of the oceaoj 
VDuld, by diverting tlie main current of the Gulf stream^fl 
pve rise more effectually than the opening of tlie Str^|;|{ 
irf Panama, before supposed, to extensive changes 
the climate and distribution of animals and plants i 
habiting the northern hemisphere. 

lUuftration/rom the formation of new islands.- 
[epetitipn of elevatory movements of earthquali 
might continue over an area as extensive as Europe^ 
fbr tbnusands of ages, at the bottom of the oceaji, j 
certain regions, and produce no visible effects ; wher^f 
IB, if they should operate in some shallow parts of tt)^ 
Pacific, amid the coral archipelagos, they would si 
give birth to a new continent. Hundreds of voice 
islands may be thrown up, and become covered v, 
vegetation, without causing more than local flu^fl 
luationg in the animate world ; but if a chain like thfl 
Aleutian archipelago, or the Kurile isles, run 
lance of many hundred miles, so as to form an aim 
uninterrupted communication between two continents^ 
Of two distant islands, the migrations of plants, bird% | 
iatects, and even of some quadrupeds, may cause, ia 
a short time, an extraordinary series of revolutions 
lending to augment the range of some animals and 
pliints, and to limit that of others. Anew archipelago 
might be formed in tlie Mediterranean, the Bay of 
Siicay, and a thousand other localities, and might 
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produce less important events than one rock which 
should rise up between Australia and Java, so placed 
that winds and currents might cause an interchange of 
the plants, insects, and birds of the latter country. 

From the vxaring tiirough of an isthmus. — If we 
turn from the igneous to the aqueous agents, ve find 
the same tendency to an irregular rate of change, 
naturally connected with the strictest uniformity in 
the energy of those causes. When the sea, for ex- 
smple, gradually encroaches upon both sides of a 
narrow isthmus, as that of Sleswick, separating the 
North Sea from the Baltic, where, as before stated, 
the cliff's on both the opposite coasts are wastbg 
sway*, no material alteration results for thousands of 
years, save only that there is a progressive conversion 
of a small strip of land into water. A few feet only, 
or a few yards, are annually removed ; but when, at 
last, the partition shall be broken down, and the tides 
of the ocean shall enter by a direct passage into the 
inland sea, instead of going by a circuitous route 
through the Cattegat, a body of salt water will sweep 
up as far as the Gulfs of Bothnia and Finland, the 
waters of which are now brackish, or almost &esh ; 
and this revolution will be attended by the local anni- 
hilation of many species. 

Similar consequences must have resulted, on a small 
ecale, when the sea opened its way through tile 
isthmus of Staveren in the thirteenth century, form- 
ing an union between an inland lake and the ocean, 
and opening, in the course of one century, a shallow 
I «trait, more than half as wide as the narrowest part of 
t ivhich divides England from France. 

• Vol. II. p. 8. 
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Changes in physical geography which mvst a 
extntction of species, — It will almoEt seem superSuoUir 1 
after I have thus traced the important modifications ii 
the condition of living beings which Sow from changes 
of trifling extent, to argue that entire Tevolutiong I 
■night be brought about, if the climate and physic^ I 
|COgraphy of the whole globe were greatly altered, I 
It has been stated, that species are in general local, I 
some being coniined to extremely small spots, and 4 
(lepeoding for their existence on a combination of I 
causes, which, if they are to be met with elsewhere, ' 
occur only in some very remote region. Hence IC ■] 
must happen that, when the nature of these localities I 
ig changed, the species will perish ; for it will rarely I 
happen that the cause which alters the character of | 
the district will afford new facilities to the speciei 
establish itself elsewhere, 

African desert. — If we attribute the origin of a great 1 
port of the desert of Africa to the gradual progress of 1 
moving sands, driven eastward by the westerly winds, T 
we may safely infer, that a variety of species must j 
have been annihilated by this cause alone. The sand- J 
flood has been inundating, from time immemorial, tht 
rich lands on the west of the Nile, and we have o 
to multiply this effect a sufEcient number of times. 
order to understand how, in the lapse of ages, a wholol 
group of terrestrial animals and plants nay becotnw 
extinct. 

This desert, without including Bornou and Darfourj'J 
extends, according to the calculation of Humboldt,,! 
over 194,000 square leagues, an area nearly threel 
times as great as that of France. In a small portia 
of GO vast a space, we may infer from analogy thaH 
Ibwe were many peculiar species of plants and animal) 
z i 
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which must have been banished by the sand, and their 
habitations invaded by the camel, aad by birds and 
inijects formed for the arid sands. 

There is evidently nothing in the nature of the 
1 ^tastrophe to favour the escape of the former inha- 
(bitants to some adjoining province; nothing to weaken, 

i bordering lands, that powerful barrier against ' 
lemigration — pre-oucupaoey. Nor, even if the exdU' ' 
■ fion of a certain group of species from a given tract 
Pvere compensated by an extension of their range over i 
r « new country, would that circumstance tend to the I 
I ^Dservation of species in general; for the extirpation 
frould merely then be transferred to the region so 
' invaded. If it be imagined, for example, that the 
L aboriginal quadrupeds, birds, and other animals of 
V Africa, emigrated in consequence of the advance of 
J drift-sand, and colonized Arabia, the indigenous Ara- 
L])ian species must have given way betbre them, and 
f ^ve been reduced in number or destroyed. 

s next suppose that, in some central and more 
elevated parts of the great African desert, the upheav- 
1 ing power of earthquakes should be exerted through- 
put an immense series of ages, accompanied, at certain 
intervals, by volcanic eruptions, such as gave rise at 
pnce, in 1755, to a mountain 1600 feet high, on the 
I Mexican plateau. When the continued repetition of 
I diese events had caused a mountain-chain, it is obvious 
I that a complete transformation in the state of the 
F climate would be brought about throughout a. vast 
I ei'ea. 

We may imagine the summits of the new chain to 
rise so high as to be covered, like Mount Atlas, for 
^ several thousand feet, with snow, during a great part 
f the year. The melting of these snows, during th^'. i 
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greatest heat, would cause the rivdts to swell in the 
season when the greatest (Irought now prevails ; the 
waters, moreover, derived from this source, would 
always be of lower temperature than the surrounding 
atmosphere, and would thus contribute to cool the 
diinate. During the numerous earthquakes and vol- 
eaaic eruptions supposed to accompany the gradual 
formation of the chain, there would be many floods 
caused by the bursting of temporary lakes, and by the 
melting of snows by lava. These inundations might 
deposit alluvial matter far and wide over the original 
lands, as the country assumed various shapes, and was 
modified again and again by the moving power from 
belov, and the aqueous erosion of the surface above. 
At length the Sahara might be fertilized, irrigated by 
rivers and streamlets intersecting it in every direction, 
and covered by jungle and morasses, so that the ani- 
mals and plants \yhich now people Northern Africa 
would disappear, and the region would gradually be- 
come fitted for the reception of a population of species 
perfectly dissimilar in their forms, habits, and organ- 
isabon. 

There are always some peculiar and characteristic 
features in the physical geography of each large 
division of the globe ; and on these peculiarities the 
state of animal and vegetable life is dependent. If, 
therefore, we admit incessant fluctuations in the phy- 
sical geography, we must, at the same time, concede 
the successive extinction of terrestrial and aquatic 
species to be part of the economy of our system. 
When some great class of slations is in i 
lain latitudes, as, for example, in wide savannahs, 
sands, lofty mountains, or inland seas, we And a 
responding development of species adapted for such 




84 



? CLLMATE [Book in. 



habitations become unfit for them. For if the gene- 
ral temperature be on tlie rise, then is tliere no cooler 
region whither the polar species can take refuge ; if it 
be on the decline, tlien tlie animuls and plants pre- 
t Tiously established between the tropica have no 
\ resource. Suppose the general heat of the atino- 
I sphere to increase, so that even the arctic region became 
arm for the musk-ox and rein-deer, it is clear 
that they must perish ; bo, if the torrid zone should 
o much of iu heat by the progressive refriger- 
ation of the earth's surface, as to be an unfit habitation 
■ apes, hoas, bamboos, and palms, these tribes of 
I animals and plants, or, at least, most of the species 
[ now belonging to them, would become extinct, for 
e would be no warmer latitudes for their recep- 

It will follow, therefore, that as often as the climates 

f the globe are passing from the extreme of heat to 

I that of cold,— from the summer to the winter of the 

I great year before alluded to*, — the migratory more. 

ment will be directed constantly from the poles towards 

L the equator ; and for this reason the species inhabit- 

I ing parallel latitudes, in the northern and southern 

I hemispheres, must become widely different. For I 

le, on grounds before explainedf , that the ori- 

I ginal stock of each species is introduced into one spot 

I of the earth only, and, consequently, no species can be 

;e indigenous in the arctic and antarctic circles. 

But when, on the contrary, a series of changes in the 

I physical geography of the globe, or any other sup- 

I posed cause, occasions an elevation of the general 

m temperature, — when there is a passage from the winter 
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to one of the vernal or Buminer seasons of the great 
cycle of climates, — then the order of the migratory 
movement is invertet!. The different species of animals 
and plants direct their course from the equator towards 
the poles ; and tlie northern and soutliern hemispheres 
may become peopled, to a great degree, by identical spe- 
cies. Such is not the actual state of the inhabited earth, 
as I have already shown in my sketch of the geogra- 
phical distribution of its living productions; and this fact 
adds an additional proof to the geological evidence, 
derived from independent sources, that the general 
temperature has been cooling down during the epochs 
which immediately preceded our own. 

1 do not mean to speculate on the entire transposition 
of a group of animals and plants from tropical to polar 
latitudes, or the reverse, as a probable, or even pos- 
sible, event ; for although we believe the mean annual 
temperature of one zone to be transferrible to another, 
we know that the same climate cannot be so transferred. 
Whatever be tlie general temperature of the earth's 
surface, comparative equability of heat will charac- 
terize the tropical regions, while great periodical vari- 
ations will beloog to the temperate, and still more 
to the polar, latitudes. These, and many other pecu- 
liarities connected with heat and liglit, depend on fixed 
aab'onomical causes, such as the motion of the earth 
and its position in relation to the sun, and not on those 
fluctuations of its surface, which may influence the 
general temperature. 

Among many obstacles to such extensive transfer- 
ence of habitations we must not forget the immense 
lapse of time required, according to the hypothesis 
before suggested*, to bring about a considerable change 

* See Book I. chap. li. vu. and lit 
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in climate. During a period bo vast, the other causes of 
extirpation, before enumerated, would exert so power- 
ful an influence as to prevent all, save a very few hardy 
species, from passing from equatorial to polar regions, 
or from the tropics to the pole. 

But the power of accommodation to new circum- 
etances is great in certain species, and might enable 
many to pass from one zone to another, if the mean 
annual heat of the atmosphere and the ocean were 
greatly altered. To the marine tribes, especially, sudi 
a passage would be possible, for they are less impeded 
In their migrations, by barriers of land, than are the 
terrestrial by the ocean. Add to this, that the temper- 
ature of the ocean is much more uniform than that of 
the atmosphere investing the land, so that we may 
easily suppose that most of the tcstacea, fish, and 
other classes, might pass from the equatorial into the 
temperate regions, if the mean temperature of those 
regions were transposed, although a second expatria- 
tion of these species of tropical origin into the arctic 
and antarctic circles would probably be impossible. 

On the principles above explained, if we found that 
at some former period, as when, for example, our car- 
boniferous strata were deposited, the same tree-ferns 
and other plants inhabited the regions now occupied 
by Europe and Van Diemen's Land, we should suspect 
that the species in question had, at some antecedent 
period, inhabited lands within the tropics, and that 
an increase of the mean annual heat had caused them 
to emigrate into both the temperate zones. There are 
no geological data, however, as yet obtained, to war- 
rant the opinion tliat such identity of species existed 
IB the two hemispheres in the era in question. 

Let us now consider more particularly the effect of 
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TfeiiaitudeB of climate in causing one species to givi 
ny before the incresBing numbers of some other. 

When temperatureforms the barrier which arrests tl 
progress of an animal or plant in a particular directioi 
^e individuals are fewer and less vigorous as they s 
proach the extreme confines of the geographical n 
ofthe species. But these stragglers are ready to mid 
liply rapidly on the slightest increase or dimii 
heat that may be favourable to them, just as particuli 
insects increase during a hot summer, anc 
plants and animals gain ground afler a series 
genial seasons. 

In almost every district, especially if it be moui 
tamous, there are a variety of species the 
whose habitations arc conterminous, some being unabli 
to proceed farther without encountering too much heal 
oihers too much cold. Individuals, which are thus o 
the borders of the regions proper to their respectivji 
■pecies, are like the outposts of hostile armic 
to profit by every slight change of circumstances i 
their favour, and to advance upon tiie ground occupied 
by their neighbours and opporents. 

The proximity of distinct climates, produced by tl 
inequalities of the earth's surface, brings species 
Mating very different constitu tions into such immei 
CDDtact, that their naturalizations arc very speecQ 
whenever opportunities of advancing present theit| 
lelves. Many insects and plants, for example, 
common to low plains within tbe arctic circle, an 
lofty mountains in Scotland and other parts of Eur 
If the climate, therefore, of the polar regions i 
transferred to our own latitudes, the species in q 
tion would immediately descend from these elevat^ 
(tntioni to over-run the low grounds. Invasions of tl 
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kind, attended by the CKpulsion of the pre-occupants, 
are almost inetantaneuus, because the change of tem- 
perature not only places the one species in a more 
favourable position, but rendera the others sickly and 
almost incapable of defence. 

These c/uinffei inconsistent loith tlie theory of Iratu- 
mutation. — Lamarck, when speculating on the traos- 
mutation of species, supposed every modilication in 
organization and instinct to be brought about slowly 
and insensibly in an indefinite lapse of ages. But he 
does not appear to have sufficiently considered how 
much every alteration in the physical condition of the 
habitable surface changes the relation's of a great num- 
ber of co-existing species, and that some of theac would 
be ready instantly to avail themselves of the slightest 
change in their favour, and to multiply to the injury 
of others. Even if v/n thought it possible that the palm 
or the elephant, which now flourish in etjuatorial 
regions, could ever learn to bear the variable seasona 
of our temperate zone, or the rigours of an arctic winter, 
we might, with no less confidence, affirm, that they 
must perish before they had time to become habituated 
to such new circumstances. Ttiat they would be dis- 
placed by other species as often as the climate varied, 
may be inferred from the data before explained re- 
specting the local extermination of species produced 
by the multiplication of others. 

Su|)pose the climate of the highest part of the woody 
zoneof Etna tobc transferred to the sea-shore at the base 
of the mountain, no botanist would anticipate that the 
olive, lemon-tree, and prickly pear (^Cactus opntUia), 
would be able to contend with the oak and chestnut, 
which would begin forthwith to descend to a lower level, 
or that these last would be able to stand their ground 
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tethe pine, which would also, in the space of ^ 
rs, begin to occupy a lower position. We migh^ 
me kind of estimate of the time wliich might b 
Kqoired for the migrations of these plants ; wherea 
He liave no data for concluding that any number c 
thousands of years would be eutficient for one step L 
^ pretended metamorphosis of one species into a 
oiber, possessing distinct attributes and quahti 
This argument is applicable not merely to 
iwt to any other cause of mutation. However slowly 4 
lake may be converted into a marshj or a marsb ii 
meadow, it is evident tbat before tlie lacustrine plar 
cuacquire the power of living in marshes, or them: 
pliDta of living in a less humid soil, otlier species 
teady existing in the region, and fitted for these severti 
itUioDs, will intrude and keep possession of the ground| 
So if a tract of salt water becomes fresh by passioi 
llirough every intermediate degree of brackishneiM 
It'll [he marine molluscs will never be permitted to h 
jjradually metamorphosed into f!uviati1e specie: 
cause long before any such transformatioo car 
[Jaee by slow and insensible degrees, other 
■Iready formed to delight in brackish or fresh watei*^ 
»iil avail themselves of the change in the fluid, a 
"ill, each in their turn, monopolize the space. 

It is idle therefore to dispute about the abstract p 
ability of the conversion of one species into another 
•hen there are known causes so much more active i 
'^irnature, which must always intervene and prevent*] 
lie actual accomplisiiment of sucli conver; 
feint image of the certain doom of a species less fitted' I 
tUBtni^le with some new condition in a region which' 
It previously inhabited, and where it has to contend' 
vigorous species, is presented by the' 
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j extirpation of savage tribes of men by the advancing 
colony of some civilized nation. In this case the con- 
test ie merely between two different rticfS, — two va- 
I rieties, moreover, of a species which exceeds &I1 others 
I in its aptitude to accommodate its habits to the most 
I extraordinary variations of circumstances. Yet few 
jre events are more certain than the speedy extermi- 
I nation of the Indians of North America and the savages 
I of New Holland in the course of a few centuries, when 
I these tribes will be remembered only in poetry and 
tradition. 




limiled geographical distributioa — Opinions of botanists re- 
■pecting the centres from which pliuts biie been diffused — 
Whether there are grounds forinferring that (he losa.ftoia time 
imuls and plants, is campenssted bjr the 
introduction of new species? — Whether any evidence of such 
juld be expected within the historical era?^ 
The que^ion whether the 'existing species haie been created in 

Siuxessive Extinction of Species consistent with ^ir 

limited Geographicdl Distribution. 
In the preceding chapters I have pointed out the 
strict dependence of each species of animal and plant 
on certain physical conditions in the state of the earth's 
surrace, and on the number and attributes of other 
organic beings inhabiting the same region. I have 
also endeavoured to show that all these conditions are 
in a state of continual fluctuation, the igneous and 
aqueous agents remodelling, from time to time, the 
physical geography of the globe, and the migrations of 
species causing new relations to spring up successively 
between different organic beings. 1 have deduced as a 
corollary, that the species existing at any particular 
period must, in the course of ages, become extinct one 
after the other. " They must die out," to borrow an 
emphatical expression from BufFon, " because Time 
lights against them." 

If the views which I have taken are just, there will 
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o difGcult)' in explaining why the habitations of so 
iinany species are nutr rustrained within exceedingly 
' limits. Every local revolution, such as those 
wntemplatcil in the preceding chapter, tends to cir- 
mscribe the range of some species, while it enlarges 
^at of others ; Rnd if we are led to inii^r that new 
becies originate in one spot only, each must require 
me to diffuse itself over a wide area. It will follow, 
lerefore, from the adoption of our hypothesis, that the 
irent origin of some species, and the high antiquity 
f others, are equally consistent with the general fact 
n' their limited distribution, some being local, because 
B>ey have not existed long enough to admit of 
' wide dissemination ; others, because circum- 
ftiltances in the animate or inanimate world have 
Ittccurred to restrict the range which they may once 
I'iliave obtained. 

s considerable modifications in the relative levels 

Epfiand and sea have taken place in certain regions 

Kj^ce the existing species were in being, we can feel 

D surprise that the zoologist and botiuiiat have hitherto 

H|bund it difficult to refer the geographical distribution 

Jflf species to any clear and determinate principles, 

Ptdnce they have usually speculated on the phenomena, 

BUpon the assumption that the physical geography of 

e globe had undergone no material alteration since 

K^e introduction of the species now living. So long 34 

\fia» assumption was made, the facts relating to the 

eography of plants and animals appeared caprlciouR, 

J extreme, and by many the subject was proi^ 

3)0unced to be so full of mystery and anomalies, that 

K^e establishmentof a satisfactory theory was hopeless. 

Centres from icAicH plants hare been diffusa!. — Some 

I'^Mtanists conceived, in accordance with the hypothesis 
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of Wiildenow, that mountains were the centres of crea- 
tion from which tlie plants now inhabiling large con- 
tinents have radiated, to which De Candolle and others, 
with much reason, objected, that mountains, on the 
contrary, are often the barriers between two [irovJnces 
of distinct vegetation. The geologist who is acquainted 
with the extensive modifications which the surface of 
the earth has undergone in very recent geological 
epochs, may be able, perhaps, to reconcile both these 
Iheoriea in their application to different regions. 

A lolly range of mountains, which is so ancient as 
totlate from a period when the species of animals and 
jlants differed irora those now living, will naturally 
fenn a barrier between contiguous provinces; but a 
diain which has been raised, in great part, within the 
epocb of existing species, and around which new lands 
have arisen from the sea within that period, will be a 
centre of peculiar vegetation. 

" In France," observes De Candolle *, "_the Alps and 
Cevennes prevent a great number of the plants of the 
Kiilb from spreading themselves to the northward; 
but it lias been remarked that some species have made 
their way through the gorges of these chains, and are 
found on their northern sides, principally in those 
places where they are lower and more interrupted." 
"Saw the chains here alluded to have probably been of 
fsiiMderable height ever since the era when the exist- 
ing v^etation began to appear, and were it not for the 
^e{j fissures which divide tliem, they might have 
caused much more abrupt terminations to the exten- 
Mn of distinct assemblages of species. 
Parts of tlje Italian peninsula, on the other hand, 
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have gained a considersble portion of their prei 
height since a majority of the marine species non 
habiting the Meiiiterranean, and probably, also, s 
the terrestrial plants of the same region, were in be 
Large tracts of land have been added, both on 
Adriatic and Mediterranean side, to what orlgiD 
constituted a much narrower range of mouDtaini 
not a chain of islands running nearly north and so 
like Corsica and Sardinia. It may therefore be ' 
Bumed that the Apennines have been a centre whc 
Bpecies have diffused themselves over the contigi 
lotcer and 7>ewer regions. In this and all analof 
situations, the doctrine of Willdenow, that spe 
have radiated from the mountains as from centres, I 
be well founded. 

Introduction of new Species. 

IF the reader should infer, from the facts laid be 
him in the preceding chapters, that the successive 
tinctioo of animals and plants may be part of the i 
stant and regular course of nature, he will natui 
inquire whether there are any iiieans provided for 
repair of these losses ? Is it part of the econoiD 
our system that the habitable globe should, to a cer 
extent, become depopulated both in the ocean and 
the land ; or that the variety of species should dimi 
until some new era arrives when a new and exlr 
dinary effort of creative energy is to be display 
Or is it possible that new species can be called 
being from time to time, and yet that so astonishu 
phenomenon can escape the observation of naturalii 

Humboldt has cliaracterized these subjects as am 
the mysteries which natural science cannot reach ; 
he observes that the investigation of the origit 



f does not belong ti 
To geology, ho 



zoological or botanical get 
ever, these topics do strict^ 
and this science is chiefly interested ii 
the state of the aoimate creation as it 
L a view of pointing out its relations t 
antecedent periods when its condition was dilFerent. / 

Before offering any hypothesis towards the solutu 
of so difficult a problem, let us consider what kind e 
evidence we ought to expect, in the present state t 
icienee, of the 6rst appearance of new animals ( 
plants, if we could imagine the successive creation ( 
ipecies to constitute, like their gradual extinction, | 
f^ular part of the economy of nature. 

In the first place, it is obviously more easy to provj 
that a species, once numerously represented in 
district, has ceased to be, than that some other whic£ 
did not pre-exist has made its appearance — a 
ilways, for reasons before stated, that single stoci 
only of each animal and plant are originally c: 
uid that individuals of new species do not suddeaM 
ECart up in many different places at once. 

So imperfect has the science of natural history r 
mained down to our own times, that, within the m 
of persons now living, tlie numbers of known a 
md plants Iiave been doubled, or even quadrupled, i 
toaay classes. New and oflen conspicuous species a; 
aonually discovered in parts of the old continent, loi^ 
inhabited by the most civilized nations. Consciou) 
therefore, of the limited extent of our informatio 
always infer, when such discoveries are made, that tha 
b^gs in question had previously eluded our research]] 
what) at least existed elsewhere, and only migrate 
St a recent period into the territories where n 
,&4 ibetn. It ia diScuh, even in contemplaE 
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fcunticipate the time when we lihall be entitled to make 

■ Any other hypothesis in regard to all the marine tribesj 
o by far the greater number of the terrestrial ; — 
as birds, which possess such unlimited powers of 

nigration ; insects wliich, besides their numbersi are 

capable of being difFiised to vast distances ; aod 
f cryptogamous plants, to which, as to many other classes, 
liboth of the animal and vegetable kingdom, similar 

■ observations are applicable. 
it kind of evidence of new creations could be ex- 
' — What kind of proofs, therefore, could we 
ibly expect to find of the origin at a particular 

E period of a new species ? 

Perhaps it may be said in reply that, within the'last 
^two or three centuries, some forest tree or new quod- 

1 might have been observed to appear suddenly 
a those parts of England or France which had been 
lost thoroughly investigated ; — that naturalists might 

liave been able to show that no such being inhabited 

■ any other region of the globe, and that there was no 
W tradition of any thing similar having before been ob- 
■:terved in the district where it had made its ap- 
I pearance. 

Now, although this objection may seem plausible) 
I yet its force will be found to depend entirely on the 
Frate of fluctuation which we suppose to prevail in the 
Buiimate world, and on the proportion which such con' 
I Bpicuous subjects of the animal and vegetable king" 
P doms bear to those which are less known and esc^ie 
Lour observation. There are perhaps more than a mil- 
|]ion species of plants and animals, exclusive of the 
ic and infusory animalcules, now inhabiting 
; terraijtieous globe. The terrestrial plants may 
tDOunt, says De CandoUe, to somewhere betw^a 
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' 110,000 and 120,000 •; but the data on which thU 
' conjecture is founded are considered by many botanists 
lo be vague and unsalislactory. Sprengel only enu- 
' merated, in 1827, about 31,000 known phEnogamous, 
aad 6000 cryptogamous plants ; but that naturalist 
omitted many, perhaps 7000 phasnogamous, and 1000 
nyptogamous species. Mr. Lindley is of opinion that 
it would be rash, in the present state of science, to 
speculate on the existence of more than 80,{)00 phffi- 
nogamous, and 10,000 cryptogamous plants, -j- 

It was supposed by Linna;us that there were four 
Di five species of insects in the world for each phieno- 
gamous plant : but if we may judge from the relative 
proportion of the two classes in Great Britain, the 
lunnber of insects must be still greater; for the total 
mimlier of British insects, " according to the last 
census," is about 12,500^, whereas there are only 
1500 pheenogamous plants indigenous to our island. 
At the insects are much more numerous in hot coun- 
tries than in our temperate latitudes, it seems difficult 
to avoid the conclusion that there are more than half 
a million species in the world. 

The number of known mammifers, according to 
Temminck, exceeds 800, and Baron Cuvier estimated 
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-f- " If WE talcE," sayi Mr. L., in a letter to the author on this 
ntgect, ■■ 37,000 ss the number of publi^ihed phnnagBiiiaiis spe. 
ata, md then add, for the undiscovereil species in Asia and New 
HoUwul 15,000, in Airira 10,000, aud in America 18/300, we 
bm 80,000 species; sui) if 7000 be the number of publiahad 
CTTpKiganiDu^ plants, and we allow 3000 for the undiscovered 
^icdes (making tO,000:, tliem would then be, on the wbcJi^ 
9(W»0 Species." ^ 

I <|iOwBiMiIiiB»iiiif niil 1 III. Iiji iliihii rnnin, Vtq ^M 
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the amount of knon-n fishes at 6000, Nearly 6000 

species of birds have likewise been ascertained.* We 

have still to add the reptiles, and all the invertebrated i 

[ inimals, exclusive of insects. It remains, in a great ' 

I d^ree, mere matter of conjecture what proportion the 

I Aquatic tribes may bear to the denizens of the land; but i 

the habitable suriace beneath the waters can hardly 

} be estimated at less than double that of the continents , 

i snd islands, even admitting that a very considerable i 

is destitute of life, in consequence of great deptli, , 

I cold, darkness, and other circumstances. In the late I 

I polar expedition it was found that, in some regions, as ' 

s Bay, there were marine animals inhabiting I 

I the bottom at great depths, where the temperature of | 

e water was below the freezing point. That there ' 

life at much greater profundities in warmer regions, . 

I may be confidently inferred. I have before stated ' 

I that marine plants not only exist, but acquire vivid i 

\ colours at depths where, to our senses, there would be I 
; darkness deep as night. 

The ocean teems with life — the class o?poIypt alone ' 

tre conjectured by Lamarck to he as strong in indivi* | 

duals as insects. Every tropical reef is described as i 
covered with corals and sponges, and swarming with 

I Crustacea, echini, and testacea; while almost every | 
I tide-washed rock in the world is carpeted with fnci and 

[ supports some corallines, actinis, and niollusca. There ; 
Table forms in the seas of the warmer zones, 
which have scarcely begun to attract the attention ot 
tlie naturalist ; and there are parasitic animals without 

number, three or four of which are sometimes appro- | 

)ne genus, as to the JSaltsna, for example, i 

See Quarterly Heview, No. xciv. p. 337. 




"Even though we concede, therefore, that the geogra- 
phical range of niariiie species is more extensive in 
genera] than that of the terrestrial (the temperature 
of the sea being more uniform, and the land impeding 
less the migrations of the oceanic than the ocean those 
of the terrestrial species), yet it seems probable that 
the aquatic tribes far exceed in number the inhabitants 
of the land. 

Without insisting on this point, it may be safe to 
assuDie, that, exclusive of microscopic beings, there 
are between one and two millions of species nowinha- 
lutiDg the terraqueous globe ; so that if only one of 
diMe were to become extinct annually, and one new 
one were to be every year called into being, much 
mare than a million of years might be required to bring 
about a complete revolution in organic life. 

I am not hazarding at present any hypothesis as to 
the probable rate of change, but none wilt deny that, 
-when t)ie annual birth and the annual death of one 
species on theglnbe is proposed as a mere speculation, 
this at least is to imagine no slight degree of instability 
in the animate creation. If we divide the surface of 
the earth into twenty regions of equal area, one of these 
■li^t comprelieud a space of land and water about 
equal ID dimensions to Europe, and might contain a 
twcDtieth part of the million of species which may be 
assumed to exist in the animal kingdom. In ttiis region 
one species only would, according to the rate of mor- 
tality before assumed, perish in twenty years, or only 
five out of fifly thousand in the course of a century. 
But as a considerable proportion of the whole would 
belong to the aquatic classes, with which we have a 
»ery imperfect acquaintance, we must exclude them 
from our consideration ; and if they constitute half of 
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J entire number, then one species only might be 
K^Dfit in forty years among the terrestrial tribes. Now 
^e mammalia, whether terrestrial or aquatic, bear so 
lalf a proportion to other classes of animals, forming ' 
, perhaps, than one thousandth part of the whole, I 
t, if the longevity of speciea in the different orders ' 
)fere equal, a vast period must elapse before it would ' 
s to the turn of this conspicuous class to lose one | 
r their number. If one species only of the whole ! 
mimal kingdom died out in forty years, no more than 
mtae mammifer might disappear in 40,000 years, in e 
Region of the dimensions of Europe. 

It is easy, therefore, to see, that, in a small portion 

t of such an area, in countries, for example, of the aizi 

^.^ England and France, periods of much greate 

'duration must elapse before it would be possible ti 

lUthenticate the first appearance of one of the larger 

nd animals, assuming the annual birth and 

[fleath of one species to be the rate of vicissitude in 

the animate creation throughout the world. 

The observations of naturalists, upon living specie^ 

■-may, in the course of future centuries, accumulate 

tjrasitive data, from which an insight into the lawt 

B which govern this part of our terrestrial system may 

Lbe derived ; but, in tlie present deficiency of historical 

I records, we have traced up the subject to that poiuC 

K where geological monuments alone are capable o 

I leading us on to the discovery of ulterior truths. To 

[ these, therefore, we must now appeal, carefully ex- 

I amining the strata of recent formation wherein th* 

remains of livijiff species, both animal and vegetable 

I are known to occur. We must study these strata '~ 

strict reference to their chronological order as deduce** 

I from their superposition, and other relations. FrOl*^] 
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these sources wc may learn which of the species, now 
our contemporaries, have survived the greatest revo- 
lutions of the eartli's surface ; which of them have 
co-existed with the greatest number of animals and 
plants now extinct, and which have made their ap- 
pearance only when the animate world had nearly 
attained its present condition. 

From such data we may be enabled to infer, whether 
species have been called into existence in succession, 
or all at one period ; whether singly, or by groups 
simultaneously ; whether the antiquity of man be as 
high as that of any of the iuferior beings wliicli now 
share the planet with him, or whether the human 
species is one of the most recent of the whole. 

To some of these questions we can even now return 
a satisfactory answer; and with regard to the rest, 
we have some data to guide conjecture, and to enable 
us to speculate with advantage : but it would be pre- 
mature to anticipate such discussions until I have laid 
before the reader an ample body of materials amassed 
by the industry of modern geologists. 
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4 in physical geogmphj caused by organic being! — 

Plln^ At TPgeUble Hill does not augment in Ihicknes! — The 
ly, that vegetation is an aolagonisl power counietbalBneing 
|l» degradation cauwil hy running »ai«r, untenable — Con. 
MMira influence of vegetation — lU in diminished by Ibe fell- 
g of forests — Distribution of American forests dependent 
K Erection of predommanc uiude — Influcnre of man in 
difying Ihe physical geography of the globf. 

second branch of our inquiry, respecting 
■nges of the organic world, relates to the processes 
j^ which the remains of animah and plants become 
Itil, or, to speak still more generally, to all the ef- 
8 produced by the powers of vitality on the starface 
i shell of the earth. Before entering on the prin- 
1 of this subject, the imbedding and pre- 
animal and vegetable remains, I shall 
remarks on the superficial modifications 
sed directly by the agency of organic beings, as 
n the growth of certain plants covers the slope of 
Bin with peat, or converts a swamp into dry 
when vegetation prevents the soil, in certain 
;, from being washed away by running water. 
In considering alterations of this kind, brought 
■bout in the physical geography of particular tracts, 
e are too apt to think exclusively of that part of 
El earth's surface which has emerged from beneath 
|_waters, and with which alone, as terrestrial beings, 



we are familiar. Here the direct power of animals 
and plants to cause any important variations is, of ne- 
cessity, very limited, except in checking the progress of 
that decay of which the land is the chief theatre. But 
if we extend our views, and, instead of contemplating 
the dry land, consider that larger portion which is as- 
signed to the aquatic tribes, we discover the great 
influence of the living creation, in imparting varieties 
of conformation to the solid exterior which the sole 
agency of inanimate causes would not produce. 

Thus, when timber is floated into the sea, it is often 
drifted to vast distances, and subsides in spots where 
there might have been no deposit, at that time and 
place, if the earth had not been tenanted b}' living 
beings. If, therefore, in die course of ages, a hill of 
wood, or lignite, be thus formed in the subaqueous 
regions, a change in the submarine geography may be 
said to have resulted from the action of organic 
powers. So in regard to the growth of coral reefs ; 
it is probable that almost all the matter of which they 
are composed is supplied by mineral springs, which 
often rise up at the bottom of the sea, and which, on 
laBd, abound throughout volcanic regions hundreds 
of leagues in extent. The matter thus constantly 
given out could not go on accumulating for ever in 
the waters, but would be precipitated in the abysses 
of the sea, even if there were no polyps and testacea ; 
bub these animals arrest and secrete the carbonate of 
lime on the summits of submarine mountains, and 
form reefs many hundred feet In thickness, and hun- 
dreds of miles in length, where, but for them, none 
■n^ht ever have existed. 

Why the vegetnble soil does not augment in thickness. 
— If no such voluminous masses are formed on the 
s 1 
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toirards tile sea ; so that they enter again and aj 
into the eonipoaition of difFerent organic beings. 

The principal elements found in plants are hydrogen 
carbon, and oxygen; so that water and the c 
sphere contain all of them, either in their own 
position or in solution." The constant supply of thai 
elements is maintained not only by the putrefaction a 
animal and vegetable substances, and the decay < 
rocks before mentioned, but also by the copious e»oi 
lotion of carbonic acid and other gases from voica 
and mineral springs, and by the effects of ordinary e 
{wration, whereby aqueous vapours are made to ri 
from the ocean, and to circulate round Uie globe. 

It is well known that, when two gases of different 
qiecific gravity are brought into contact, even though 
the heavier be the lowermost, they become uniformly 
diffused by mutual absorption through the whole space 
•hich they occupy. By virtue of this law, the heavy 
carbonic acid finds its way upwards through the lighter 
Bif, and conveys nourishment to the lichen which 
cavers tlie mountain top. 

The fact, tberefore, that the vegetable mould which 
eovers the earth's surface does not decrease in thick- 
JK8S, will not altogether bear out the argument which 
*M founded upon it by Playfair. This vegetable soil, 
he observes, consists partly of loose earthy materials 
eawly removed, in the form of sand and gravel, 
partly of finer particles suspended in the waters, 
which tinge those of some rivers continually, and 
those of all occasionally, when they are flooded. The 
nil, although continually diminished from this cause, 
" remains the same in quantity, or at least n 

' See some gcod remarks on the FonaBtioo of G 
wdl'l Geolog7, chap, iviii. 
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same, and must have done so ever since the earth was 
the receptacle of animal or vegetable life. The soil, 
therefore, is augmented from other causes, just as 
much, at an average, as it is diminished by that now 
mentioned; and this augmentation evidently can pro- 
ceed from nothing but the constant and slow disin- 
tegration of the rocks."* 

That the repair of the earihy portion of the soil can , 
only proceed, as Playfair suggests, from the decom- 
position of rocks, may be admitted ; but the vegOalik 
matter may be supplied, and is actually furnished, in 
ii great degree, by absorption from the atmosphere ; so ' 
that in level situations, such as in platforms that inter- ■ 
■ Tene between valleys where the action of runnbg 
vater is very trifling, the fine vegetable particles carried 
off by the rain may be perpetually restored, not by the 
waste of the rock below, but from the air above. 

If we supposed the quantity of food consumed by 
terrestrial animals, and the elements imbibed by the 
roots and leaves of plants, to be derived entirely from 
diat supply of hydrogeri, carbon, oxygen, azote, and 
other elements, given out into the atmosphere and the 
waters by the putrescence of organic substances, then 
we might imagine that the vegetable mould would, 
after a series of years, neither gain nor lose a single 
particle by the action of organic beings. This con* 
elusion is not fiir from the truth ; but the operation 
which renovates the vegetable and animal mould is by 
no means so simple as that here supposed. Thou- 
sands of carcasses of terrestrial animals are floated 
.idown, every century, into the sea, and, together widi 
nrests of drift-timber, are imbedded in subaqueous 



• DllUt of BuU. Theory, % 103. 
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deposits, where their elements are imprisoned in solid 
strata, and may there reniaia thraughouC whole geo- 
logical epochs before they again become subservient 
to the purposes of life. 

On the other hand, fresh supplies are derived by 
the atmosphere, and by running water, as before 
stated, from the disintegration of rocks and their 
organic conteats, and from the interior of the earth, 
from wlience all the elements before mentioned, wliich 
enter principally into the composition of animals and 
vegetables, are continually evolved. Even nitrogen 
fau been recently found, by Dr. Daubeny, to be con- 
tained very generally in the waters of mineral springs. 
Vegetation not an antagonist power counterbalancing 
the action of Tunnitig wafer, ~If we suppose that the 
copious supply from the nether regions, by springs 
and volcanic vents, of carbonic acid and other gases, 
[ogether with the decomposition of rocks, may be just 
sufficient to counterbalance that loss of matter which, 
having already served for the nourishment of animals 
and plants, is annually carried down in organized 
forms, and buried in subai^ueous strata, we concede 
the utmost that is consistent with probabihty. But 
when more is required by a theorist, — when we are 
told that B counterpoise is derived from the same 
source to that enormous disintegration of solid rock 
and its transportation to lower levels, which is the 
annual result of the action of rivers and marine cur- 
rents, — we must entirely withhold our assent. Such an 
opinion has been recently advanced by an eminent 
geologist, or I should have deemed it unnecessary to 
propositions which appear to me so clear and 

'ne descriptions which I gave of the degradation 
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r yearly going on through the eastern shores of Eng- 
f 'land, aud of tlie enormous weight of solid matter 
Siourly rolled down by the Ganges or the Mississippi, 
i been repre&enteil as an extreme case, calculated 
a give a partial view of the changes now in progress, 
■ icspecially as I omitted, it is said, to point out the 
t but universal action of a great antagonist power, 
f-vhereby the destructive operations before alluded to 
e neutralized, and even, in a great degree, counter- 
Pttalanced. 

i there," says Proiessor Sedgwick, " no tmia- 
' powers in nature to oppose these mi^^ 
irvative principle to meet this Tast 
[■.destructive agency? The forces of degradation very 
kofien, of Ihemseives, produce their own limitation. 
^■The mountain- torrent may tear up the solid rock, and 
B.bear its fragments to the plain below ; but there its 
^power is at an end, and the rolled fragments are left 
^■behind to a new action of material elements. And 
s true of a single rock is true of a mountain- 
^chain ; and vast regions on the surface of the earth, 
>nly the monuments of spoliation and waste, may 
kjtereuiler rest secure under the defence of a thidc 
\ vegetable covering, and become a new scene of life 
^aod animation. 

" It well deserves remark, that the destructive 

l;powers of nature act only upon hnes, while some of 

L:^e grand principles of conservation act upon the 

i -whole surface of the land. By the processes of v^e- 

[r table life, an incalculable mass of solid matter is ab- 

' aorbed, year after year, from ihe elastic and non-elastic 

fluids circulating round the earth, and is then thrown 

down upon its surface. In this single operation there 

B a vast counlerpoise to all the agents of destruction. 
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And the deltas of the Ganges and the Mississippi are 
not solely formed at the expense of the solid materials 
of our globe; but in part, and I believe also in a con- 
Eiderable part, by one of the great conservative oper- 
ations by which the elements are made to return into 
themselves."* 

This is splendid eloquence, full of the energy and 
spirit that breathes through the whole address; — 

Monte (leciirrms vtUii amnin, imbres 



Fervet, immensusque ruit — 
mnst pause for a moment, lest we be hurried 
away by its tide. Let us endeavour calmly to con- 
sider whitlier it would carry us. 

If by the elements returning into themselves be 
meant their return to higher levels, it is certainly pos- 
sible that a fraction of the organic matter which is 
intermixed with the mud and sand deposited in alter- 
nate strata in the delta of the Ganges may have been 
derived by the leaves and roots of plants from such 
aqueous vapour, carbonic acid, and other gases, as had 
ascended into the atmosphere from Imcer regions, and 
which were not, therefore, derived from the waste of 
rocks and their organic contents, or from the putres- 
cence of vegetables previously nourished from these 
sources. This fraction, and this alone, may then be 
deducted from the mass of solid matter annually 
transported into the Bay of Bengal ; and what n 
whether organic or inorganic, will be the n 
the degradation which thousands of torrents in the 
Himalaya mountains, and many rivers of other parts of 

• Address to the Geological Society on (lie Aniiivi'rsflrj-, Feb. 
_J88I, p. 24. 



IJO 



VEGETATION NO COUNTEHPOISE [Book II L 



I iDtlia, bring down in a single year. Even in this case 
t it will be found that tlie sum of the force of vege- 
I tation can merely be coiiBidered aa having been in a 
I ^ght degree conservative, retarding the waste of land, 
KBnd not acting as an antagonist power. 

But tbe untenable nature of the doctrine now con- 

kroverted may be iiet in a clearer light by examining 

Btiie present state of the earth's surface, on which it is 

l.deciared that " an incalculable mass of solid matter is 

n down year after year," in such a manner as to 

a counterpoise to the agents of decay. Is it not 

A fact, that the vegetable mould is seldom more than a 

m$Bw feet in thickness, and that it often docs not exceed 

Ksfew inches? Do we find that its volume is more 

^considerable on those parts of our continents which we 

3 prove, by geological data, to have been elevated 

Kpt more ancient periods, and where there has been the 

■peatest time for the accumulation of vegetable matter, 

;ed throughout successive zoological e|>ochs ? 

|[0n tile contrary, are not these higher and older 

Kgions more frequently denuded, so as to expose the 

Bbare rocic to the action of the sun and air? 

e find in the torrid zone, where the growth of 
I most rank and luxurious, that accessions of 
mtter due to their agency are most conspicuous on 
Etiie surface of the land? On the contrary, is it not 
Kthere, where the vegetation is most active, that, for 
asons to be explained iji the next chapter, even 
ffiose superficial peat mosses are unknown which cover 
I large area in some pu'ts of our temperate zone? 
{ the operation of aninnal and vegetable life could 
eitore to the general surface of the continents a por- 
a of the elements of those disintegrated rocks, of 
^rhich such enormous masses are swept down annuallj 



Ch. Xir.] TO THE LEVELLING POWER OF WATER. Ill 

into the sea, along particular river-courees and lines of 
coast, the effecU would have become, ere now, moat 
strildng ; and would have constituted one of the moat 
leading features in the structure and composition of 
our continents. All the great steppes and table-lands 
of the world, where the action of running water is 
feeble, would have become the grand repositories of 
organic matter, accumulated without that intermixture 
of sediment which so generally characterizes the sub- 
aqueous strata. 

Even the formation of peat in certain districts where 
the climate is cold and moist, the only case, perhaps, 
which affords the shadow of a support to the theory 
under consideration, has not, in every instance, a con- 
servative tendency. A pent-moss often acts like a vast 
sponge, absorbing water in large quantities, and swell- 
ii^ to the height of many yards above the surrounding 
country, Tlie turfy covering of the bog serves, like 
tbe skin of a bladder, to retain for a while the fluid 
within, and a violent inundation sometimes ensues 
Whea that skin bursts, as has often hajipened in Ire- 
iMd, and many parts of the Continent. Examples 
will be mentioned in a subsequent chapter, where the 
Stygian torrent has hollowed out ravines, and borne 
litmg rocks and sand, in countries where such ravages 
could not have happened but for the existence of peat. 
Here, therefore, the force of vegetation accelerates 
die rate of decay of land, and the solid matter swept 
dawn to lower levels during such floods counter- 
tMlances, to a certain degree, the accessions of vege- 
table mould which may accrue to the land by the 
growth of peat. 

I may explain more clearly the kind of force which 
1 imagine vegetation to exert, by comparing it to the 
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action of frost, wliich augments the height of some 
few Alpine summits, by causing a mass of perpetual 
snoiv to lodge tliereon ; or tills up some valleys with 
glaciers ; but although by tliis process of congelation 
the rain-water tliat lias riiieii by evaporation from the 
sea is reUiint^d for a while in a solid form upon the 
Jaod, and altliough some elevated spots may be pro- 
itected from waste by a constant covering of ice, yetj 
,1^ the sudden melting of snow and ice, the degrada- 
jltion of rocks is often accelerated. Altbough every 
near fresh snow and ice are formed, as also more 
BE^etable and animal matter, yet there is no increase; 
mie one melts, die other putrefies, or is drifted down 
rt« the sea by rivers. If this were not the case, frost 
^ight be considered as an antagonist power, as well as 
jj^ie action of animal and vegetable life ; and these, by 
,^ir combined energy, might restore to continents a 
i^tvrtion of that solid matter which is swept down into 
U^ sea from mountains and wasting cliffs. 
L I iiave before stated* that, in tlie known operation 
utf the igneous causes, a real antagonist power is found, 
mbich may counterbalance the levelling action of run- 
^ting water ; and there seems no good reason for pre- 
iftiming that the upheaving and depressing force of 
iifartliquakes, together with the ejection of matter by 
Tolcanos, may not be fully adequate to restore the 
HHiperficial inequalities which rivers and oceanic cur- 
rents annually tend to lessen. If a counterpoise be 
.derived from this source, the quantity and elevation of 
fand above the sea may for ever remain the same, in. 
■pite of the action of the aqueous causes, which, if 
iBius counteracted, may never be able to reduce the 
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surface of the earth more nearly to a state of equi- 
librium than that which it has now attained ; and, on 
tile other hand, the force of the aqueous agents them- 
MWea might thus continue for ever unimpaired. Tliis 
permanence of the intensity of the powers now in 
operation would account for any amount of disturbance 
or degradation of the earth's crust, so fat as the mere 
^BOMfti^ of movement or decay is concerned; provided 
only that indefinite periods of time are contemplated. 

As to the intensity of the disturbing causes ut par- 
tieular epochs, their effects have as yet been studied 
fiir too short a time to enable us fully to compare the 
^Ds of ancient convulsions with the permanent monu- 
ments left in the earth's crust by the events of the 
last few thousand j^ears. But, notwithstanding the 
small number of changes which have been witnessed 
and carefully recorded, observation has at least shown 
diat our knowledge of the extent of the subterranean 
agency, as now developed from time to time, is in its 
infancy ; and there can be no doubt that great partial 
mutations in the structure of the earth's crust are 
brought about in volcanic regions, without any inter- 
ruption to the general tranquillity of the habitable 
surfece. 

Conservative influence of Degtbition. — If, then, vege- 
ladon cannot act as an antagonist power amid the mighty 
agents of change whicli are always modifying the sur- 
face of the globe, let us next inquire how far its in- 
fluence is conservative, — how far it may retard the 
levelling power of running water, whicli it cannot op- 
pose, much less counterbalance. 

It is welt known that a covering of herbage and 
shrubs may protect a loose soil from being carried 
away by rain, or even by the ordinary action 
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f and may prevent hills of loose sand from being blown 
I >way by the wind ; for the rools bind tt^ther the 
1 .separate particles into a firm mass, and the leaves in- 
I tercept the rain-water, so that it dries up graduaUy, 
k iDBtead of Sowing olT in a mass and with great velocity. 
f The old Italian hydrographers make irequent mention 
I of the increased degradation which has followed the 
I clearing away of natural woods in several parts of Italy. 
\ A. remarkable example was afforded in the Upper Val 
I ■d'Arno, in Tuscany, on the removal of the woods cloth- 
I ii^ the steep declivities of the hills by which that 
I valley is bounded. When the ancient forest laws were 
I abolished by the Grand Duke Joseph, during the last 
I century, a considerable tract of surface in the Cassen- 
I dna (the Clausentinium of the Romans) was denuded, 
ind, immediately, the quantity of sand and soil washed 
'down into the Arno increased enormously. Frisi, al- 
luding to such occurrences, observes, that as soon as 
I the bushes and plants were removed, the waters flowed 
e rapidly, and, in the manner of floods, swept 
■way the vegetable soil." 

This effect of vegetation is of high interest to the 
geologist, when he is considering tlie formation of 
those valleys which have been principally due to the 

I actbn of rivers. The spaces intervening between val- 
[ leys, whether they be fiat or ridgy, when covered with 

I I vegetation, may scarcely undergo the slightest wastcj 

s the surface may be protected by the green sward 
L'^ grass ; and this maybe renewed, in the inanner 
^before described, from elements derived from rain- 
water and the atmosphere. Hence, while the river is 
mtinually bearing down matter in the alluvial plain. 
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toA undermining the cliffs on each side of every valley, 
Aeheight of the intervening rising groiuda may remain 
■tationary. 

In this manner a cone of loose scoria;, sand, and 
vhes, such as Monte Nuovo, may, when it has once 
become densely clothed with herbage and shrubs, suffer 
scarcely any further dilapidation ; and the perfect state 
of die cones of hundreds of extinct vulcanos in France, 
Campania, Sicily, and elsewhere, may prove nothing 
whatever, either as to their relative or absolute anti- 
qui^. We may be enabled to infer, from tlie integrity 
flf nich conical hilU of incoherent materials, that no 

II can have passed over the countries where they 
ituated, since their formation ; but the atmospheric 
n alone, in spots where there happen to be no tor- 
t, and where the surface was clothed with vegeta- 
' could scarcely in any lapse of ages have destroyed 
iiring a tour in Spain, in 1830, I was surprized to 
see a district of gently undulating ground in Catalonia, 
consisting of red and grey sandstone, and in some 
parts of red marl, almost entirely denuded of herbage, 
while die roots of the pines, holm oaks, and some other 
trees, were half exposed, as if the soil had been washed 
Biray by a flood. Such is the state of the forests, for 
«KBniple, between Orista and Vich, and near San 
LoienKo. But, being overtaken by a violent thunder- 
itorm, in the month of August, I saw the whole sur- 
face, even the highest levels of some flat'topped hills, 
streaming with mud, while on every declivity the de- 
vastation of torrents was terrific. The peculiarities in 
the physiognomy of the district were at once explained; 
and I was taught that, in speculating on the greater 
which the direct action of rain may once have 
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produced on the surface of certain parts of England, 
we need not revert to periods when the heat of the 
climate was trt^ical. 

In the torrid zone the degradation of land is generally 
more rapid, but the waste is by no means proportioned 
to the superior quantity of rain or tlie suddenness of 
its iklli the transporting power of water being coun- 
teracted by a greater luxuriance of vegetation. A 
geologist who is no stranger to tropical countries ob- 
serves, that the softer rocks would speedily be washed 
r Avsy in such regions, if the numerous roots of plants 
r were not matted together in such a manner as to pro- 
fa duce considerable resistance to the destructive power 
h of the rains. The parasitical and creeping plants also 
T Bitwine in every possible direction, so as to render the 
its nearly impervious, and the trees possess forms 
I imd leaves best calculated to shoot off the heavy rains ; , 
V-which, when they have thus been broken in their fall, . 
P pre quickly absorbed by the ground beneath, or, when 
I; thrown into the drainage, depressions give rise to 
I'ftirious torrents." 

Vjh^vence of Man in modifying tJie physical Geogr^tky i 
of the Globe. 
Before concluding this chapter, I must offer a ftw ' 
I observations on the influence of man in modifying the 
I physical geography of the globe ; for we must class his 
I ^ency among the powers of organic nature. 

Felling offoreate. — The felling of forests has been 
P attended, in many countries, by a diminution of rain, 
n Barbadues and Jamaica.f For in tropical coun- 
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tries, vhere the quantity of aqueous vapour in the 
atmosphere is great, but where, on the other hantl, the 
direct rays of the sun are most powerful, any impedi- 
raent to tlie free circulation of air, or any screen which 
shades the earth from the solar rays, becomes a new 
source of humidity, and wherever dampness and cold 
have hegun to be generated by such causes, the con- 
densation of vapour continues. The leaves, moreover, 
of all plants are alembics, and some of those in the 
tonid zone have the remarkable property of distilling 
water, thus contributing to prevent the earth from 
becoming parched up. 

JXslribation ofOte American forests. — There can be 
no doubt, then, that the state of the climate, espe- 
cially the humidity of the atmosphere, influences ve- 
getation, and that, in its turn, vegetation re-acts upon 
the climate ; but some writers seem to have attributed 
too much importance to the influence of forests, par- 
licalurly those of America, as if they were the primary 
cause of the moisture of the climate. 

The theory of a modern author on this subject, 
"that forests exist in those parts of America only 
where the predominant winds carry with them a con- 
liderable quantity of moisture from the ocean," seems 
fa more rational. In all countries, he says, " having 
a nuumer heat exceeding 70", the presence or absence 
ofnatural woods, and their greater or less luxuriance, 
may be taken as a measure of the amount of humidity, 
and of the fertility of the soil. Short and heavy rains, 
in u warm country, will produce grass, whicli, having 
its roots near the surface, springs up in a few daj'S, 
and withers when the moisture is exhausted ; but tren- 
«ilory rains, however heavy, will not nourish trees, 
because, after the surface is saturated with w&ter, 
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\ rest rung ofF, and the moisture lodged in the s<»l 
leither sinks deep enough, nor is in sufficient quantity 
o furnish the giants of the forest with the necessary 
f sustenance. It may be assumed that twenty indies 
I of rain falling moderately, or at intervals, will leave a 
[greater permanent supply in the soil than forty inches 
Idling, as it sometimes does in the torrid zone, in as 
I many hours." * 

" In all regions," he continues, " where ranges of 
BtDountains intercept the course of the constant or pre- 
1 dominant winds, the country on the windward side of 
[the mountains will be moist, and that on the leeward 
Rdry ; and hence parched deserts will generally be found 
1 on the west side of countries within the tropics, and 
lOn the east side of those beyond them, the prevailing 
\ grinds in these cases being generally in opposite direc- 
[ tionsi On this principle, the position of forests in 
Korth and South America may be explained. Thus, 
I ibr example, in the region within the thirtieth parallel, 
I the moisture swept op by the trade-wind from the 
I Atlantic is precipitated in part upon the mountains of 
I Srazil, which are but low, and so distributed as to ex- 
|*tend far into the interior. The portion which remains 
B borne westward, and, losing a little as it proceeds, 
I is at length arrested by the Andes, where it falls down 
lowers on their Eummits. The aerial current, now 
L deprived of all the humidity with which it can part, 
I arrives in a state of complete exsiccation at Peru, 
re, consequently, no rain falls. In the same manner 
. the Ghauts in India, a chain only three or four thousand 
I feet high, intercept the whole moisture of the atmo- 
I sphere, having copious rains on their windward aide ; 
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while on the other the weather remains clear and dry. 
The rains in this case change regularly from the west 
aide to the east, and vice versft, vnlh the monsoons. But 
io the region of America, beyond tlie ihirtictli parallel, 
the Andes serve as a screen to intercept the moisture 
brought by the prevailing winds from the Pacific 
Ocean: rains are copious on their summits, and in 
Chili on their western declivities ; but none falls on the 
plainB to the eastward, except occasionally when the 
wind blows from the Atlantic." • 

I have been more particular in explaining these 
views, because they appear to place in a true light the 
dependence of vegetation on climate, notwithstanding 
the reciprocal action which each exerts on theother, the 
humidity being increased, and more uniformly diffused 
throughout the year, by the gradual spreading of wood. 

It bas oflen been affirmed, that formerly, when France 
and England were covered with wood, Europe was 
much colder than at present ; that the winters in Italy 
were longer, and that the Seine, and many other 
rivers, froze more regularly every winter than now, 
M.Arago, in a recent essay on this subject-l-, has endea- 
voured toshow, by a comparative table of observations 
on the congelation of the Rhine, Danube, Rhone, Po, 
Seine, and other rivers, at different periods, that there 
is no reason to believe the cold in general to have been 
more intense in ancient times. He admits, however, 
that the climate of Tuscany has been so far modified, 
by the removal of wood, as that the winters are less 
cold ; but the summers also, he contends, are less hot 
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than of old ; and the aurnmers, he says, were fonneri^ 
hotter in France than in our own times. His evidence 
is derived chiefly from documents showing that wiat 
was made three centuries ago in the Vivarais and 
several other provinces, at an earlier season, at greater 
elevations, and in higher latitudes than are now found 
suitable to the vine. 

In the United States of North America it is nwr 
questionable that the rapid clearing of the counliy 
has rendered the winters less severe and the summen 
less hot ; in other words, the extreme temperature of 
January and July have been observed from year to 
year to approach nearer to each other. Whether in 
< this case, or in France, the m«an temperature hatbeo 
raised, seems by no means as yet decided ; but there i> 
no doubt that the climate has become, as Buffon would i 
have said, " less excessive." 

The modifications of the surface, resulting iVoni 
human agency, are only on a considerable scale when 
we have obtained so much knowledge of the working 
of the laws of nature as to be able to use them as 
instruments to efFect our purposes. We must ctnn- 
mand nature by obeying her laws, according to the 
saying of the philosopher ; and for this reason we catt 
never materially interfere with any of the gresC 
changes which either the a(]ueous or igneous causet 
are bringing about on the earth. In vain would tha 
inhabitants of Italy strive to prevent the tributaries of 
the Fo and Adige from bearing down, annually, ml 
immense volume of sand and mud from the Alps and 
Apennines ; in vain would they toil to reconvey Ut 
the mountains the mass torn from them year by year,' 
and deposited in the form of sediment in the Adriatic. 
But they have, nevertheless, been able to vary the 
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lation of this sediment over a coDsiderable area^ J 
ildDg the rivers, and preventing the eand and J 
.from being spread by annual inundations over f 
the plains. 

I liave explained how the form of the delta of the^, 
Po has been altered by this system of embankment^* 
■ad how much mure rapid, in consequenee of thes 
banks, have been the accesfiions of land at the 
nt the Fo and Adige within the last twenty eenturieitl 
There is a limit, however, to these modiiicationB^ T 
since the danger of floods augments with the ii 
height of the river-beds, while the expense of n 
tuning the barrier is continually enhanced, as well as J 
^diiEcutty of draining the low surrounding country.! 

In the Ganges, says Major R. H. Colebrooke, 
WoDer is a slight covering of eoII observed on a new J 
land-bank than the island is cultivated ; water-melon^a 
CutuQibers, and mustard, become the produce of the I 
Sntyear, and rice is often seen growing near theJ 
TOler's edge, where tlie mud is in large quantity, 
Such islands may be swept away before they have J 
icquired a sufficient degree of stability to r 
uincntly the force: of the stream 1 but if, by repeated, I 
■ddilions of soil, they acquir-e height and linnneaB, I 
tbe natives take possession, and bring over their f^ I 
nulies, cattle, and effects. Tliey chouse the highest. I 
ipoU, for the sites of villages, where they erect their I 
dwellings with as mucii confidence as they would do | 
on the main land ; for, although the foundation is sandy, 
tbe uppermost soil) being interwoven with the roots 
of grass and other plants, and hardened by the sua, 
i> capable of withstanding all attacks of the river. 
I^e islands oflen grow to a considerable s 
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I endure for the lives of the neir possessors, being 
L only at last destroyed by the same gradual process of 
|- undenniiiiiig and encroachment to which the banks of 
K'tbe Ganges are subject.* 

I If Bengal were inhabited by a nation more advanced 
Kin opulence and agricultural skill, they might, perhaps, 
F succeed in defending these possessions agmnst the 
I ravages of the stream for much longer periods ; but no 
I' human power could ever prevent the Ganges or the 
I Mississippi from making and unmaking islands. By 
I fortifying one spot agwnst the set of the current, its 
I force is only diverted against some other point ; and, 
I after a vast expense of time and labour, the property 
I of individuals may be saved, but no addition would 
L thus be made to the sum of productive land. It may 
■ be doubted whether any system could be devised so 
|'4»nducive to Tiational wealth as the simple plan pur- 
I aued by the peasants of Uindostan, who, wasting no 
K ttrength in attempts to thwart one of the great oper- 
I Btions of nature, permit the alluvial surface to be 
I perpetually renovated, and find their losses in one 
I place compensated in some other, so tliat they continue 
I to reap an undiminished harvest from a virgin soil. 
I To the geologist the Gangetic islands and their mi- 
1 gratory colonies may present an epitome of the globe 
I as tenanted by man. For during every century we 
I cede some territory which the earthquake has sunk, or 
I the volcano has covered by its fiery products, or which 
t the ocean lias devoured by its waves. On the other 
I hand, we gain possession of new lands, which riverst 
k tides, or volcanic ejections have formed, or which sub- 
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CBuaea have upheaved from the deep. Whe- 
ther the human species will outlast the whole or a 
great part of the continents and islands now seen 
above the waters is a subject far beyond the reach 
of oar conjectures ; but thus much may be inferred 
ftom geological data, — that if such should be its lot, 
il will be no more than has already fallen to pre- 
existing species, some of which have, ere now, out- 
lived the form and distribution of land and sea which 
[irevailed at the era of their birth.* 

I have before shown, when treating of the excavo- 
tioD of new estuaries in Holland by inroads of the 
ocean, as also of the changes on our own coasts, that 
illhough the conversion of sea into land by artificial 
Iibours may be great, yet it must always be in sub- 
ordination to the great movements of the tides and 
Ciurents. If, in addition to the assistance obtained by 
Jiarliamentary grants for defending Dunwich from the 
nves, all the resources of Europe had been directed to 
the same end, the existence of that port might possibly 
hue been prolonged for many centuries. But, in the 
■ean time, the current would have continued to sweep 
my portions from the adjoining cliffs on each side, 
minding off the whole line of coast into its present 
Iwtn, until at lengtli the town must have projected as 
t narrow promontory, becoming exposed to the ir- 
resistible fury of the waves. 

It is scarcely necessary to observe, that the control 
*hich man can exert over the igneous agents is less even 
than that which he may obtain over the aqueous. He 
cannot modify the upheaving or depressing force of 
earthquakes, or the periods or degree of violence of 



1 



124' 



CBqOkllt. j 



I volcanic eruptions; and on these causes the inequalities ' 
L of thG earth's surface, and, consequently, the shape of I 
f. the sea and land, appear mainly to depend. The ut- \ 
I most that man can hope to effect in this respect is ' 
I occasionally to divert the course of a lava-stream, and 
I to prevent the burning matter, for a season at least, 
I from overwhelming a city, or other fruit of human in- 
I Wastry. 

I No application, perhaps, of human skill and labour 
I tends so greatly to vary the state of the habitable sur- 
I face, as that employed in the drainage of lakes and 
I marshes, since not only the stations of many animals 
\ snd plants, but the general climate of a district, may 
I thus be modified. It is also a kind of alteration to 
I which it is difficult, if not impossible, to find any thing 
[■ analogous in the agency of inferior beings. For we 
I ought always, before we decide that any part of the 
I influence of man is novel and anomalous, carefiiUy to 
[ consider all the powers of other animate agents 
which may be limited or superseded by him. Many 
I who have reasoned on these subjects seem to have 
L forgotten that the human race often succeeds to the 
I discharge of functions previously fulfilled by other 
I apecies; a topic on which I have already offered some 
I hints, when explaining how the distribution and num- 
f bers of each species are dependent on the state of 
L contemporary beings. 

Suppose the growth of some of the larger terres- 
I trial plants, or, in other words, the extent of forests, to > 
I be diminished by man, and the climate to be thereby ( 
modified, it does not follow that this kind of inno- | 
VBtion is unprecedented. It is a change in the state ' 
I of the vegetation, and such may often have been the 
LjEeeult of the entrance of new species into the earth* i 
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The multiplication, for example, of certain insects u 
parts of Germany, during the last century, destroyed.! 
more trees than man, perhaps, could have felled during 
ao equal period. 

I do not, however, pretend to decide how far the 
power of man, to modify the surface, may dltfer ia 
kmd or degree from that of other hving beings, but 
the problem is certainly more complex than many who 
have speculated on such topics have imagined. If 
new land be raised from the sea, the greatest alter- 
ation in its physical condition, which could ever arise 
from tile influence of organic beinga, would probably 
be produced by the first immigration of terrestrial 
plants, whereby the tract would become covered with 
T^etation. The change next in importance would 
aeem to be when animals enter, and modify the pro- 
portionate numbers of certain species of plants. If 
there be any anomaly in the intervention of man, in 
&rlher varying the relative numbers in the vegetable 
Idiigdom, it may not so much consist in the kind or 
absolute quantity of alteration, as in the circumstance 
that a single spemes, in this case, would exert, by its 
Buperior power and universal distribution, an i 
ence equal to that of hundreds of other terrestrialj 
aaimals. 

If we inijuire whether man, by his direct removi 
power, or by the changes which he may give rise b 
iodirectly, tends, upon the whole, to lessen or Increa 
ihe inequalities of the earth's surface, we shall inclin 
perhaps, to the opinion that he is a levelling ageuu 
He conveys upwards a certain quantity of material 
fiova the bowels of the earth in mining operaliong^ 
but, on the other hand, much rucli is taken annualljn 
from the land, in the shape of ballast, and afterward 
o 3 
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thrown into the sea, whereby, in spite of prohibitoi 
laws, many Imrbours, in various parts of the worl 
have been blocked up. We rarely transport heai 
materials to higher levels, and our pyramids and citii 
are chiefly constructed of stone brought down fro 
more elevated situations. By ploughing up tbousant 
of square miles, and exposing a surface for part of til 
year to the action of the elements, we assist tl 
abrading force of rain, and destroy the conservatii 
effects of vegetation. 

But the aggregate force exerted by man is tni 
insignificant, when we consider the operations of tl 
great physical causes, whether aqueous or igneous, 
the inanimate world. If all the nations of the eart 
should attempt to quarry away the lava wliich flowf 
during one eruption from the Icelandic volcanos 
1783, and the two following years, and should attem) 
to consign it to the deepest abysses of the ocea 
wherein it might approach most nearly to the pr 
fundities from which it rose in the volcanic vent, thi 
might toil for thousands of years before their taskwi 
accomplished. Yet the matter borne down by t] 
Ganges and Burrampooter, in a single year, probabl 
very much exceeds, in weight and volume, the raw 
of Icelandic lava produced by that great eruption.* 
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CHAPTER Xin. 

a OF FOSSILS IN PB*T, BLOWN 



of the BUbJcci — ImbEdding o( organic ren 
on eroergcii laud — Growth of pesl — Pe 
I and tiumid climHles _ Siie uf ancient lores 
'Miroccupieil by peat — Source* of bog iron-ore — Piet 
•lion of animal subilaiicea in peat — Miring of quadra 
Simting of the Salnay moss — Imbedding of organic I 
tn] human remiuna In blown aond — Muving sands of A 
doerw — Do I.m: on their recent origin — Burie' 
rpninbul — Dried carcaisetin Ibe sands ^Townsoverwhelnu 
b;' Mnd-floods in England and France — Imliedding of organ 
ud olfaer rcmoinE in volcanic ronuations on the lai 

Dwiiioa of the tubject. — The next subject of inquiry 
■ the mode in which the remains of animals and 
plantK become fossil, or are buried in the earth by 
BUural causes. M. Constant Frevost has observed, 
4«t the effects of geolt^ical causes are divisible into 
'tn great classes ; those produced on the surface dur< 
Bg the submersion of land beneath the waters, and 
fliote which take place after its emersion. Agreeably 
to ibis classification, I shall consider, first, in what 
iDMinet animal and vegetable remains become included 
mil preserved in deposits on emerged land, or that 
put of the surface which is not pemwnentli/ covered 
^ water, whether of seas or lakes; secondly, the 
nuuiei in which organic remains beconie imbedded in 
■obaqueous deposits. 
Under the first division, I shall treat of the following 
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Ptopics: — lat, the growth of peat, mid the preservation 
Fof vegetable and animal remains therein; — 2d]y, ttie 
.' burying of organic remuins in blown sand; — 3dly, of 
e ejections and alliiviumB of volcanosj 
— ^thly, in alluviums generally, and in the mine of 
hndslips ; — 5thly, in the mud and stalagmite of cavei 
■4md fissures. 

wGrowtk of Peat and PreservtOion of VegetalAe mtd 
Animal Remains iherein. 

The generation of peat, when not completely under 

pater, is confined to moist situations, where the tern- 

Pperature is low, and where vegetables may decompose 

■ without putrefying. It may consist of any of the 

■numerous plants which are capable of growing in sudi 

ij; but a species of moss (^Sphagnum paluttnj 

institutes a considerable part of the peat found in 

rUiarsliCB of the north of Europe ; this plant having 

l^the property of throwing up new aiioots in its upper 

art, while its lower extremities are decaying. * Keed^ 

uhes, and other aquatic plants may usually be traced 

D peat, and their organization is often so entire, tliU 

R'tbere is no difficulty in discriminating the distinct 

I'll^iecies. 

Analysis of peal. — In general, says Sir 

me hundred parts of dry peat contain from 

I ' ninety-nine parts of matter destructible by fire, and 

3 residuum consists of earths usually of the same 

['Und as the substratum of clay, marl, gravel, or rock 

on which they are found, together with oxide of iron. 

« Tlie peal of the chalk counties of England," observes 

■ For a tatnlogue of the plants wliifh contribulu (o Iha gencn- 
Ltioii of peal, iva Dr. Kennie on Pent, h.. 171 — 178, Dr. M«C- 
I' raUoch'i Wntern lalcs, vol. i. p. 129. 
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the lame writer, "contains much gypsum; but I have 
found very little ia any specimens from Ireland or 
Scotland, and in general these peats contain very little 
saline matter."* From the researches of Dr. Mac- 
culloch, it appears that peat js intermediate between 
limple vegetable matter and lignite, the conversion of 
peat Co lignite being gradual, and being brought abouj 
by ihe prolonged action of water. -{- 

Ptal abundant in cold and humid dimales. — Peat 
■ometimes formed on a declivity in mountainoi 
r^ioDs, where there is much moisture, but in st 
■ituatioiiB it rarely if ever exceeds four feet in thii 
Hess. In bogs, and in low grounds into which allm 
peal ie drifted, it is found forty feet thick, and upw) 
bgt la such cases it generally owes one half of 
ndnme to the water which it contains. It has seldoi 
if ever, been discovered within tiie tropics j and H 
nrely occurs in the valleys, even in the south 
fraiice and Spain. It abounds more and more, 
{KOportion as we advance farther from the equati 
soil becomes not onl}' more frequent but mon 
Uable in northern latitudes.:}: 

EiierU of surface covered by peat. — There 
extent of surface in Europe covered with peat, whi 
til Ireland, is said to extend over a tenth of the 
itltod. One of the mosses on the Shannon is descrit 
l^Dr. Boate to be fifty miles long, by two 
broad; and the great marsh of Montoire, near thJ 
inomh of the Loire, is mentioned, by Blavier, as being 
Wre than fifty leagues in circumference. It is a 
oinous and well-ascertained fact, that many of these 

Irish Bog Itejiorts P- 309. 
t Syslem of Gealogy, vol. ii. p. 353 
\ Egv. Di. Hennie on Pent, p. 260. 
G 5 
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;8 of the north of Europe occupy the place of 

I Ibrestfi of pine and oak, which have, many of thecn, 

sappeared within the historical era. Such changes 

e brought about by the fall of trees and the stag- 

lation of water, caused by their trunks and branches 

Ibstructing the free drainage of the atmospheric 

^rs, and givmg rise to a marsh. In a warm climate, 

I decayed timber would immediately be removed 

nsects, or by putrefaction ; but, in the cold tem- 

I |terature now prevailing in our latitudes, many ex- 

1 xmples are recorded of marshes originating in this 

[ K>urce. Thus, in Mar forest, in Aberdeenshire, large 

I trunks of Scotch fir, which had fallen from age and 

were soon immured in peat, formed partly out 

k of their perishing leaves and branches, and in part 

I from the growtli of other plants. We also learn, that 

I the overthrow of a forest by a storm, about the middle 

k of the seventeenth century, gave rise to a peat-mosa 

r Lochbroom, in Ross-shire, where, in less than 

Ijhalf a century after the fall of the trees, the mhabitants 

Kdug peat.* Dr. Walker mentions a similar change, 

en, in the year 1756, thewhole wood of Drumlanrig 

9 overset by the wind. Such events explain the 

lurrence, both in Britain and on the Continent, of 

rmosses where the trees are all broken within two or 

I three feet of the original surface, and where thev 

\ trunks all lie in the same direction. -|- 

Nothing is more common than llie occurrence of 

iried trees at the bottom of the Irish peat-mosses, as 

[ also in most of those of England, Prance, and Holland; 

hand they have been ao often observed with parts of 

leir trunks standing erect, and with their roots fixed 



^nt. Kamue'i £a*jg, p, gS. 



t Ibid., p. 30. 



asUL] INTO PEAT.llOSSEa ISJJ 

to llie Bub-Eoi], that no doubt cau be entertained 
tlieir having generally grown on the spot. They c 
eist, for tlie most part, of tlic fir, the oak, and tber] 
bircli ; where tlie sub-soil is clay, the remains of o 
are the most abundant; where sand is tlie substratui 
£r prevails. In the marsh of Curragh, in the Isle a 
Urn, vast trees are discovered standing firm o 
roots, though at the depth of eighteen or twenty fee 
lielow the surface. Some naturalists have desin 
tefer the imbedding of timber in pcat-mosst 
squeous transportauoD, since rivers are well knowa ti 
float wood into lakes ; but the facts above mentioned 
ihsir that, in numerous instances, such an hypothea 
it inadmissible. It has, moreover, been observed, tbs 
Id Scotland, as also in many parts of the Continent, t 
largest trees are found in those peat-mosses which liei 
in the least elevated regions, and that the trees a 
pttqwrtionably smaller in those which lie at highoi 
levels ; from wliich fact De Luc and Walker Iiave both 
brerred, that the trees grew on the spot, for th^ 
Would naturally attain a greater size in lower t 
wuiner levels. The leaves also, and fruits of eacIlQ 
ipecies, are continually found immersed in tii 
ilong with the parent trees ; as, for example, 1 
leaves and acorns of the oak, the cones and leaves o 
the fir, and the nuts of the hazel. 

Uteeiit origin of smne peat-mosses, — In Hatfieli 
UKB, which appears clearly to have been i 
eighteen hundred years ago, fir-trees have been four 
ninety feet long, and sold for masts and keels of ships u 
saks have also been discovered there above oi 
dml feet long. The dimensions of an oak from tbiil 
OOH are given in the Philosophical Trans action^jl 
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No. 275.1 which must have been larger than any tree 
now existing in the British dominiona, 

In the same moss of llattielJ, as well as in that of 
I Kincardine, and several others, Roman roads have 
I been found covered lo the depth of eight feet by peat. 
f All the coins, axes, arms, and other utensils found in 
[ British and French mosses, are also llomon ; so that a 
I considerable portion of the European peat-bogs are 
I evidently not more ancient than the age of Julius 
I CtEsar. Nor can any vestiges of the ancient forests 
I described by that general, along the line of the great 
I fioman way in Britain, be discovered, except in the 
I ruined trunks of trees in peat. 

Dc Luc ascertained, that the very site of the abo- 
r tiginal forests of Hircinia, Semana, Ardennes, and 
■^■everal others, are now occupied by mosses and fensi 
I and a great part of tliese changes have, with much 
I probability, been attributed to the strict orders given 
J by Severus, and other emperors, to destroy all the 
I -wood in the conquered provinces. Several of the 
} British forests, however, which are now mosses, were 
I cut at different periods, by order of the English par- 
I liament, because they harboured wolves or outlaws. 
y Thus the Welsh woods were cut and burnt, in the 
I reign of Edward I.; as were many of those in Irelandi 
r by Henry II., to prevent the natives from harbouring 
[ in tliem, and harassing liis troops. 

. is curious to reflect, that cooeiderabie tracts have, 
I by these accidents, been pernuuiendy sterilized, and 
r that during a period when civilization has been mak- 
ing great progress, large areas in Europe have, by 
I- human agency, been rendered less capable of admi- 
nistering to the wants of man. Rennie observes, with 
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imti, that in thoBe regions alone which the Romra 
eigle never reached — in the remote circles of thej 
German empivc, in Poland and Prussia, and still r 
in Norway, Sweden, and the vast empire of Russia— 
OD we see what Europe was before it yielded tc 
power of Rome.* Desolation now reigns w 
■tately forests of pine and oalc once flourished, . 
U might now have supplied a]l the navies of EuropI 
with timber. 

Sources of hog iron-ore, — At the bottom of peaH 
notBes there is sometimes found a cake, or " | 
it ii termed, of oxide of iron, and the frequency ( 
bog iron-ore is familar to the mineralogist. The o 
which is so often found dyed black in peat o 
. colour to the same metal. From what source the ird 
Ld^A^ved is by no means obvious, since we cannot ii 
^^■■Ub suppose that it has been precipitated from tl 
^^l^tt of mineral springs. According to Fourcro 
^fcfr is iron in all compact wood, and it is the caul 
of one-twelftii part of the weight of oak. The heathlf| 
[Erka:) which flourish in a sandy, ferrugini: 
>ie Bfud to contain more iron than any other vegetable 
It has been suggested that iron, being soluble in 
tdds, may be diftused through the whole r 
ngetables, when they decay in a bog, and may, by it 
wpetior specific gravity, sink to the bottom, and tl 
(lleie precipitated, so as to form bog iron-ore ; d 
"here there is a subsoil of sand or gravel 
cement them into ironstone or ferruginous conglo- ■ 
ineraie, -|- 
pTemrvatimt of animal sttbsfimces in peat. — Ont 
ing circumstance attending the history of peat- 

■i. \ Iliid., p. a 




IS^ 



HUMAN REMAINS IN PEAT. 



I mosses is the high state of preservation of animal sub- 
6 buried in theiti for periods of many years. In 
I June, 1747, the body of a woman was found six feel 
b'deep, in a peat-moor in the Isle of Axholm, in Lin- 
Ccolnshire. The antique sandals on her feet afforded 
ft evidence of her having been buried there tor many ages; 
K^t her nails, hair, and skin, are described as havmg 
■riiawn hardly any marks of decay. In a turbary on 
K the estate of the Earl of Moira, in Ireland, a human 
r body was dug up, a foot deep in gravel, covered with 
I eleven feet of moss ; the body was completely clothed, 
f and the garments seemed all to be made of hair. 
I Before the use of wool was known in that country, the 
I clothing of the inhabitants was made of hair, so that it 
I would appear that this body had been buried at that 
refirly period ; yet it was fresh and unimpaired. * In 
Ktiie Philosophical Transactions, we find an example 
ecorded of the bodies of two persons having been bu- 
ffed in moist peat, in Derbyshire, in IBT*, about a. 
I yard deep, which were examined twenty-eight years 
p and nine months afterwards ; " tlie colour of tlieir 
Y skin was fair and natural, their flesh soft as that of 
I' persons newly dead." f 

Among other analogous facts we may mention, that 
P in digging a pit for a well near Dulverton, in Somer- 
L Mtshire, many piga were found in various postures, 
L sUU entire. Their shape was well preserved, the skin, 
I vhich retained the hair, having assumed a dry, mem- 
. appearance. Their whole substance whs 
Beonverted into a white, friable, laminated, inodorous, 
■ and tasteless substance ; but which, when exposed to 
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heat, emitted an odour precisely similar to broi 
bacon.* 

Cause of the antiseptic praperh/ nf peat. — We nati 
ally ask whence peat derives this antiseptic property! 
It has been attributed by some to the carbonic and 
gallic acids which issue from decayed wood, as also to 
the presence of charred wood in the lowest strata of 
many peat-mosses, for charcoal is a powerful antiseptict 
and capable of purifying water already putrid. Vege- 
table gums and resins also may operate in the same 
way.t 

The tannin occasionally present in peat is the 
produce, says Dr. Macculloch, of tormentilla, and 
lome other plants, but the quantity he thinks too small, 
snd ita occurrence too casual, to give rise to effects of 
any importance. He hints that the soil parts of animal 
bodies, preserved in peat-bogs, may have been con- 
verted into adipocireby the action of water merely ; an 
explanation which appears clearly applicable to some of 
the cases above enumerated. J 

Miririg of quadrupeds. — Tiie manner, however, in 
which peat contributes to preserve, for indefinite 
periods, the harder parts of terrestrial animals, is a 
subject of more immediate interest to the geologist. 
Hiere are two ways in which animals become occasion- 
ally buried in the peat of marshy grounds ; they either 
sink down into the semifluid mud, underlying a turfy 
■urface, upon which they have rashly ventured, or, at 
other times, a bog " bursts," in the manner described 
in a preceding chapter, and animals may he involved 
«the peaty alluvium. 
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Tn the extensive bogs of Newfoundland cattle are 

sometimes found buried with tlieir heads only and nedc 

above ground, and after having remained for days in 

this situation, tliey have been drawn out by ropes aod 

I saved. In Scotland, also, cattle venturing on the 

* quaking moss " are often mired, or " laired," as it 

is termed ; and in Ireland, Mr. King asserts that the 

I number of cattle which are lost in sloughs is qiule 

I incredible. * 

Solwat/ moss. — Tlie description given of the Solwiy 
noss will serve to illustrate the general character of 
I these boggy grounds. That moss, observes Gilpin, ua 
irea, about seven miles in circumference, situated on 
I the confines of England and Scotland. Its surface i) 
I covered with grass and rushes, presenting a dry crust 
[ and a fair appearance ; but it shakes under the leitst 
I pressure, the bottom being unsound and semifluii 
The adventurous passenger, therefore, who sometimes 
I in dry seasons traverses this perilous waste, to save a 
I 'few miles, picks his cautious way over the rufhy 
'tussocks as they appear before him, for here the aoil 
L'ia firmest. If his foot slip, or if he venture to deurt 
mark of security, it is possible he may never more 
I lie heard of. 

" At the battle of Solway, in the timeof Heniy VUL 
L (1542), when the Scotch army, commanded by Oliver 
T Sinclair, was routed, an unfortunate troop of horse, 
h driven by their fears, plunged into this morau, 
Mwhich instantly closed upon them. The tale wai 
I traditional, but it is now authenticated ; a man and 
K.'borse, in complete armour, having been found by peat- 
I diggers, in the place where it was always supposed the 



• I'liil, Trans., toI. xv, p. 949. 



J 



Oi. xiiu BUiiSTiNC OF PEAT.MogsEa, 137 

affair had happened- The skeleton of each was well 

preserved, and the difierent partB of the armour easily 

distinguished." • 
This same moss, on the 16th of December, 1772, 

hsTiiig been filled with water during heavy rains, rose to 
an unusual height, and then burst. Afitream of black, 
half-consolidated mud began at first to creep over the 
pleiD, resembling, in the rate of its progress, an ordinary 
Wb current. No lives were lost, but the deluge 
Mtilly overwhelmed some cottages, and covered 4O0 
teres. The highest parts of the original moss subsided 
to the depth of about twenty-five feet, and the height 
of the moss, on the lowest parts of the country which 
il invaded, was at least fifteen feet. 

Bursiififf of a peat-moss in Ireland, — A recent in- 
nndation in Sligo (January, 1831,) affords another 
CMmple of this phenomenon. After a sudden thaw of 
iMw the bog between Bloomficld and Geevah gave 
Hj, and a black deluge, carrying with it the contents 
rfahundred acres of bog, toolt the direction of a small 
■tteam, and rolled on with the violeuce of a torrent, 
Dreeping along heath, timber, mud, and stones, and 
oierwhelming many meadowg and arable land. On 
passing through some boggy land, the Hood swept out 
■ vide and deep ravine, and part of the road leading 
(tVa Bloomfield to St. James's Well was completely 
tamed away from below the foundation for the breadth 
of 200 yards. 

£f»iei of Aerbivorous quadrupeds in peat, — The 
antlersof large and full-grown stags are amongst the 
most common and conspicuous remains of animals in 
peat. They are not horns which have been shed, for 

• Obsetvatioiib on riclurcsque Beaut)', &c., 1772. 



\ 



« 



138 BEMAINS IS PEAT-MOSSES. tBn* lH 

I portions of the skull are found attached, proving tJiat 
I the whole animal periKhed. Bones of tlie ox, hog, 
I faorac, slieep, and other herbivorouE animals, also 
I occur; and in Ireland and the Isle of Man skeletons 
k of a gigantic elk. M. Morren has discovered, in the 
f turbaries of Flanders, the bones of otters and beavers •; 
I but no remains have been met with belonging to those 
■•GXtinct qnadrupeds of which the living congeners 
tinhabit warmer latitudes, such as the elephant, 
■ rhinoceros, hippopotamus, hyscna, and tiger, though 
Rthese are so common in superficial deposits of silt, mud, 
■•and, or stalactite, in various localities throughout 
FGreat Britain. Their absence seems to imply that 
9 they had ceased to live before the atmosphere of this 
r part of the world acquired that cold and humid charac- 
I ter which favours the growth of peat. 
f Henutins qf ships, S^-c, in pait-mosses. — From the 
I ficts before mentioned, that mosses occasionally burst, 
I and descend in a fluid state to lower levels, it will 
r readily be seen that lakes and arms of the sea may 
I occasionally become the receptacles of drift-peat. ' O 
f this, accordingly, there are numerous examples, and 
r hence the alternations of clay and sand with different 
I deposits of peat so frequent on some coasts, as on those 
f of the Baltic and German Ocean. We are informed 
[ by Deguer that remains of ships, nautical instruments, 
and oars, have been found in many of the Dutch 
I mosses ; and Gerard, in his History of the Valley of the 
r Somme, mentions that in the lowest tier of that moss 
I was found a boat loaded with bricks, proving that these 
Bpiogses were at one period navigable lakes and arms of 
Pfce sea, as were also many mosses on the coast of 



* SuUelin de U Soc G£uL de France, torn. iL p. S6. 
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IHcardy, Zealand, and Friesland, from which Boda and 
salt are procured. * Tlie canoes, stone hatchets, and 
stone crrow-'heads, found in peat in different parts of 
Great Britain, lead to similar conclusions. 

&ibedditiff of HuToan and other Remains and Worki 

of Art in Blown Sand. 

The drilling of sand may next be considered among 

the causes capable of preserving organic remains and 

works of art on the emerged land. 

Afiican sands. — The aands of the African deserts 
lave deen driven by the west winds over all the lands 
capable of tillage on the western banks of the Nile, 
except such as are sheltered by mountains.| And thus 
the ruins of ancient cities have been buried between 
the Temple of Jupiter Amnion and Nubia. M. G. A. 
de Luc attempted to infer the recent origui of our 
contments, from the fact that these moving sands have 
Oily arrived in modern times at the fertile plains of the 
Kile. The same scourge, he said, would have afflicted 
Egypt for ages anterior to the times of history, had 
the continents risen above the level of the sea several 
luodred centuries before our era. f But the author 
proceeded in this, as in all his other chronological com- 
putations, on a multitude of gratuitous assumptions. 
He ought, in the first place, to have demonstrated 
ihat the whole continent of Africa was raised above the 
level of the sea at one period; for unless this point was 
enablished, the region from whence the sands began 
to move might have been the last addition made to d 
Africa, and the commencement of the sand flood might I 
we been long posterior to thelayuig dry of the greater ' 
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portion of that continent. That the diiferent parts of 
irope were not all elevated at one time is now gen- 
ally admitted. De Luc should also have pointed 
,t the depth of drift sand in various parts of the great 
^bian deserts, and have shown whether any valleys 
gFkrge dimensions had been filled up — how long these 
lay have arrested the progress of the sands, and how 
ood had upon the whole advanced since the 
Dies of history. 

No mode of interment can be conceived more 

nvourable to (he conservation of monuments for 

indefinite periods than that now so common in 

B>e region immediately westward of ihe Nile. The 

ind which surrounded and filled the great temple of , ' 

ppsambul, first discovered by Burckhardt, and after- ' 

ards partially uncovered by IJelzoni and Beecheyt I 

s ao fine as to resemble a fluid when put in motion. 

either the features of the colossal figures, nor the 

colour of the stucco with which some were covered, 

r the paintings on the walls, had received any injury 

rom being enveloped for ages in this dry impalpable 

iauBt.* 

At some future period, perhaps, when the pyramids 
■Tehall have perished, the action of tlie sea, or an earth- 

■ quake, may lay open to ttie day some of these buried 

mpies. Or we may suppose the desert to remain , 

disturbed, and changes in the surrounding sea and 

modify the climate and the direction of the 

revailing winds, so that these may then waft away 

! Lybian sands as gradually as they once brought 

■ Ibem to those regions. Thus, many a town and 
rtemple of higher antiquity tlian Thebes or Memphis 



]il. Joiini., No, V. p. e 



Cl.XlIt] AND WORKS OF ART Iff BLOWN SAND. 



im 



might re-appear in their original integrity, and a pai 
of the gloom which overhangs the history of earlie* 
DBtions might be dispelled. 

Whole caravans are said to have been overwhelmed 
bytlie Lybian sands; and Burckhardt inl'orms us t 
" after passing tlie Akaba, near the head of the I 
Bra, the bones of dead camels are the only g 
the pilgrim through the wastes of sand." — " We did| 
not see," says Captain Lyon, speaking of a plain 
the Soudah mountains, in Northern Africa, " the leafl 
>pp«arance of vegetation ; but observed many skeled 
tmiB of animals, which had died of fatigue on 
deiert, and occasionally the grave of some hur 
being. All these bodies were so dried by the heat iSI 
the sun, that putrefaction appears not to have ti 
place after death. In recently -expired animals I c 
not perceive the slightest offensive smell j and in ti 
kmg dead, the skin with tlie hair on it remained u 
broken and perfect, although so brittle as 
*ilh aalight blow. The sand-winds never cai 
carcasses to change their places, for, in a short tim^ 
■ alight mound is formed round them, and I 
become stationary."" 

Totmu orerw/ubned hy sand-Jhods. — The buryii^ 
of several towns and villages in England and Franej 
by bbwn sand is on record ; thus, for example, net 
St. Pol de Leon, in Brittany, a whole village was con* 
plculy buried beneath drifl sand, so that nothing w 
•een but the spire of the church, f 
Id Suffolk, in the year 1688, part of Downham vrsA 
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r overwhelmed by sands which had broken loose about 
; hundred years before, from a warren five milea 
t to the south-west. This sand had, in tlie course of a 
[.century, travelled live miles, and covered more than a 
J thousand acres of land,* A considerable tract of cul- 
rlivated land on the north coast of Cornwall has been 
I inundated by drifl sand, forming hills several hundred 
I < feet above the level of the sea, and composed of com- 
I minuted marine shells, in which some terrestrial shells 
f are inclosed entire. By the shiiUng of these sands 
uins of ancient buildings have been discovered; 
I and in some cases where wells have been bored 
I to a great depth, distinct strata, separated by a 
I vegetable crust, are visible. In some localities, as at 
LUew Quay, large masses have become sufGcientty 
■^indurated to be used for architectural purposes. The 
B-lapidificatioD, which is still in progress, appears to be 
idue to oxide of iron held in solution by the water 
I which percolates tlie sand, f 

Twbedding of Organic and other Remains in VolcatM 
Formations on the Land. 
I have in some degree anticipated the subject o 
I diis section in a former volume, when speaking of the 
f buried cities around Naples, and those on the flanks 
I of Etna-J From the facts referred to, it appeared that 
I the preservation of human remains and works of 
s frequently due to the descent of floods caused 
I by the copious rains which accompany eruptioni. 
L These aqueous lavas, as they are called in Campanisi 
I flow with great rapidity, and in 1B22 surprised and 

' Phil, Trans., vol.ii. p. 723. 
f BoBse on Submersion of Fart of the Maunft Bof, Ac, 
ftlVins. Roy. Geol. Soc. of ComtroU, lol. U. p. 140. 
I / Vol. 11. pp. 08— in. 
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suffocated, as was stated, seven persons in the villages 
of St. Sebastian and MassR, on the flanks of Vesuvius. 
In the tuffs, moreover, or solidified mud, deposited 
hy these aqueous lavas, impressions of leaves aud of 
trees have been observed. Some of those formed 
after the eruption of Vesuvius in 1822 are now pre- 
served in the museum at Naples. 

Lava itself may become indirectly the means o£ 
preserving terrestrial remains, by overflowing beds 
i, pumice, and ejected matter, which may have 
B showered down upon animals and plants, or upon 
a remains. Few substances are better non-con- 
B of heat than volcanic dust and scoris, so that 
I of Buch materials is ^rarely melted by a super- 
1 lava current. Afler consolidation, the lava 
wds secure protection to the lighter and more re- 
moveable mass below, in which the organic relics may 
be enveloped. The Herculanean tuff's containing the 
rolls of Papyrus, of which the characters are still le- 
', have, as was before remarked, been for ages 
covered by lava. 

Another mode whereby lava may tend to the con- 
lervation of imbedded remains, at least of works of 
hiniian art, is by overflowing them when not intensely 
heated, in which case they sometimes suffer little or 
no injury. 

Thus when the Etnean lava-current of 1669 covered 
fourteen towns and villages, and part of the city of 
Catania, it did not melt down a great number of 
(tatues and other articles in the vaults of Catania; 
and at the depth of thirty-five feet in the same cur- 
rent, on the site of Mompiliere, one of the buried 
towns, the bell of a church and some statues were 
fitund uninjured.* 

• VW. II. p.ll8. ■ 
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There are several buried cities in central India 
which might probably yield a richer harvest to thi 
antiquary than I'oniptii and Herculaneum. * Thi 
city of Oujein (or Oojain) was. about fifty years befon 
the Christian era, the seat of empire, of art, and a 
learning ; but in the time of the Hajah Vicramaditya 
( overwhelmed, together, as tradition report) 
with more than eighty other large towns In the pio 
s of Malwa and Bagur, " by a shower of earth.' 
The city which now bears the name is situated a mil) 
jthward of the ancient town. On digginf 
on the spot where the latter is supposed to have stood 
to the depth of fifteen or eighteen feet, there are frtf 
quently discovered, says Mr. Hunter, entire brid 
walls, pillars of stone, and pieces of wood of an extn 
ordinary hardness, besides utensils of various kinds 
fuid ancient coins. Many coins are also found in tin 
channels cut by the periodical raius, or in the beds ol 
torrents into which they have been washed. " Durioj 

: stay at Oujein, a large quantity of wheat wa| 
found by a man digging for bricks. It was, as ini^ 
have been expected, almost entirely consumed, and 

a state resembling clmrcoal. In a ravine cut by tba 
rains, from which several stone pillars had been dogn 
i space from twelve to fil\een feet long and 
seven or eight high, composed of eartbern veiid^ 
broken and closely compacted together. It was coib 
jecturcd, with great appearance of probability, to han 
been a potter's kiln. Between this place and the new 
town is a hollow, in which, tradition says, the river Kp* 
parah formerly ran. It changed its course at the ttim 
tlie city was buried, and now runs to the westward."-t- 

■ Vol. 11. p. 95. 

t N»rr«li"t ofJourney from Agia to Oujein, Aii«ic I 

■ i. p. 36. 
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The soilwhich covers Oujcinisdescribedas "being of 
anash-grey colour, with tninute specks of blact sand,"* 

That the " sbower of eartli" which is reported to 
hive " fallen from heaven" was produced by a volcanic 
eruption, we can Iiardly doubt, although no infona- 
Uian has been obtained respecting the siteof the vent ;' J 
ind the nearest volcano of which we read is that! 
which was in eruption during the Cutch earthquakofl 
b 1819) at tlie distance of about thirty miles frontfl 
Bhooj, the capital of Cutch, and at least three hundred 
geographical miles from Oujein. 

Captain F. Dangerfield, who accompanied Sir Johi 
Malcolm in his late expedition into Central Tndi% 
itates that the river Nerbuddah, in Malwa, has i 
dniuel excavated through columnar basalt, obcn 
wlucl) are beds of marl impregnated with salt. 
iqtper of these marls is of a light colour, and frotal 
thirty to forty feet thick, and rests horizontally o 
lower bed, which is of a reddish colour. Both a] 
from the description to be tuffs composed of the n 
tarials of volcanic ejections, and forming a c 
from sixty to seventy feet deep overlying the basal^ 
oiuch seems to resemble some of the currents of priEK 
oalic lava in Auvergne and the Vivarais. T 
Ruddle of this tufaceous mass, and therefore at tht| 
iK^ of thirty feet or more from the surface, jui 
*rttere the two beds of tutf ni eet, Captain Dangerfi^ 
WM shown, near the city of Mliysir, buried bricks a 
■« b^ earthen vessels, said Co have belonged to t 
city of Mhysir, destroyed by the catastrophe 
of Oujein. f 

' Asiatic Joumsl, vol. H. p. 35. 

t Sir J.M»!coim'»Cent.liid. — Geo!, of Mnlwa, by Captd 
F. Dniger£eld, App. No. ii. pp. 3S4, 3'i5. 
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Alluvium — The next subject for our considerallon, 

, according to the division before proposed, is the im- 

I bedding of organic bodieg in alluvium, by whidi I 

mean such transported matter as has been thrown 

down, whether by rivers, floods, or other causes, upon 

I land not permanently submerged beneath the waterf 

of lakes or seas, — I say permanenllj/ submerged, in ordef 

to distinguish between alluviums and regular Mib- 

aqueous deposits. Tlie latter are accumulated in 

I lakes or great submariae receptacles, the former in 

: channels of rivers and currents, where the m- 

[ teriols may be regarded as still in iransihi, or on their 

way to a place of rest. There may be cases when 

a impossible to draw a line of demarcation between 

these two classes of formations, but these exceptioof 

are rare, and the division is, upon the whole, convenient 

and natural. 
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does not oflei 
I, for the whoIeS 
Dissg h eo continually Ehif'cing its place, and tlie at-I 
trition of the various parts is so great, that even thai 
imriiest rocks contained in it are, at length, grounffl^ 
down to powder. But when sand, mud, and rubbish,! 
are suddenly swept by a flood, and then let fall upc 
the land, such an alluvium may envelop trees or t 
remains of animals, which, ia this manner, are ( 
permanently preserved. In the mud and sand pro 
duced by the floods in Scotland, in 1829, the det 
bid mutilated bodies of hares, rabbits, moles, 
partridgeB, and even the bodies of men, were foundj 
}iBitially buried.* But in these and f 
Sood usually effaces the memorials left by anotherJ 
iad there is rarely a suflicJent depth of undisturbeda 
transported matter, in any one spot, to preserve ihefl 
n^ic remains for ages from destruction. 

Where earthquakes prevail, and the levels of I 
Kinntry are changed from tinne to time, the remaiiwB 

are easily be inhumed and protected! 

n. Portions of plains, loaded with! 

ons by transient floods, may be gra-l 

and, if any organic remains hare! 

n the transported materials, thq 
iMy, after such elevation, be placed bej'ond the I 
reschof the erosive power of streams. In districts! 
•here the drainage is repeatedly deranged by subter-! 
iMean raovementa, every fissure, every hollow c 
by the sinking in of land, becomes a depository of I 
Ollpnic and inorganic substances, hurried along hyW 
ttmslent floods. 

StT- D. Lauder, Earl., on the great Floods in Moraj»hir% I 
1BS9, p. ITT. 
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Marine allumwm. — The term "marine aUuviina'' 
s, perhaps, admissible, if confined to banks o( 

, ihiDgle throivn up like theCliesil bank in Dorsetshire, 
to materials cast up by a wave of the sea upon the 

{ ^d, or those whicti a submarine current has left in 
a track. The kind last mentioned raust necessarily, 

I when the bed of the ocean is laid dry, resemble te^ 
restrial allnvjoms, with this difference, that if aoj 

. fragments of organic bodies have escaped destructioii 
they will belong principally to marine species. 

In May, 1787, a dreadful inundation of the seawB 
caused, at Coringa, Ingeram, and other places, on 
the coast of Coromandel, in the East Indies, by i 
hurricane blowing from the N. E., which raised the 
waters so that they rolled inland to the distance of 

' about twenty miles from the shore, swept away many 
Tillages, drowned more than 10,000people, andlefttbc 
country covered with marine mud, on which the car- 
casses of about 100,000 head of cattlewere strewed. An' 
old tradition of the natives of a similar flood, sddto 
have happened about a century before, was, till tW 
event, regarded as fabulous by the Eurjqtean settleiK*' 
The same coast of Coromandel was, so late as Mi^' 
1832, the scene of another catastrophe of the same 
kind; and when the inundation subsided, several ve^ 
Bels were seen grounded in the fields of the low coun- 
try about Coringa. 

Many of the storms termed harricanes have en- 
dently been connected with submarine earthquakeii 
as is shovm by the atmospheric phenomena attendant 
OD them, and by the sounds heard in the ground, and 
die odours emitted. Such were the circumstance* 
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vtiich accompanied the swell of the sea in Jamaica, i 
1780, when a great wave desolated the western coast, 
ind, bursting upon Savanna Ib Mar, swept away the 
wtxJe town in an instant, eo th at not a vestige of man^. 
beasti or habitation, was seen upon the surface.* 

Wm-kaofart in alluvial deposits. — We are informed».S 
bf M. Boblaye, that in the Moroa, the formation 
(enned c^raniique, consisting of pottery, tiles, antt I 
bricks, intermixed with various works of art, enter»-| 
K) largely into the alluvium and vegetable soil upon 
iK plains of Greece, and into hard and crystalline brec- J 
ou which have been formed at the foot of decliv 
Hut it constitutes an important stratum which might), I 
ia the absence of zoological characters, serve 1 
nark our epoch in a most indestructible manner.-j- 

Landslips. — The landslip, by suddenly precipi^ I 
tating large masseB of rock and .soil into a vaUey^f 
0?erwbelms a multitude of animals, and sometimea,! 
buries permanently whole vLIages, with their inha- T 
llitsiits and large herds of cattle. Thus three villages, 
»rith their entire population, were covered, when the 
ttrantain of Piz fell in 1772, in 
the state of Venice f ; 
, south of Chambery, i 
the year 1248, buried five parishes, including 
tile town and church of St> Andre, the ruins occupying 

I extent of about nine square miies. § 

The number of lives lost by the slide of the 
\, in Switzerland, in 1806| was estimated 
than eight hundred, a great number of the 

• Edwards, Hist, of West Indies, ^ol. i. p. 235. cd. laol, 
■» Sd. Nat., lomaiiii. p. 117. Feb. 1831. 
I I HBltc-Brun's Geog., vnl. i. p. 435. 
I BaLewell, Tnvuts in ibe TorentBiHi, voL i. p. 201. 
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although UBuallj, if not always, connected with renn 
are nevertheless of such forms niid dimensions, altei] 
nately expanding into spucious chambers, and 
contracting again into narrow passages, that it ie 
cult to conceive that they can owe their origin to tl 
Here fracturing and displacement of solid masses. 

In the limestone of Kentucky, in the 
Green river, one of the tributaries of the Ohi 
a line of underground cavities has been traced i 
one direction for a distance of ten miles, wit 
any termination ; and one of the (chambers, of w 
ihere are many, all connected by narrow tunnels, 
le«B than ten acres in area, and 150 feet in its greate 
height. Besides the principal series of " antres vas^ 
There are a great many lateral embranchments i 
yet explored," 

The cavernous structure here alluded to is i 
together confined to cdcarcous rocks ; for it has 
been observed in micaceous and argillaceous 
in the Grecian island of Thermia (Cytbnos 
ncients), one of the Cyclades. Here also spacioHj 
halls, with rounded and irregular walls, are connectflj 
together by narrow passages or tunnels, and thep| 
Ue many lateral branches which have no outlet, 
current of water has evidently at some period Sowet 
through the whole, and left a muddy deposi; 
bluish clay upon tlie floor ; but the erosive action a 
the stream cannot be supposed to have give 

n the first instance. M. Virlet s] 
!s were first caused by earthquakei 
B became the chimneys i 
It of gas, generated below I 

n Ward, Traos. of Antiq. Soc. of 3lM 
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pebbles, and other substances. When a m 
vemous rock is raised above the level of the sea, it wil| 
usually be intersected by ravines and valleys, 
it must tlien happen that here and there a torrent 6 
river will break into some cavern. Accordingly, 
gulphed streams occur in almost every regior 
vemous limestone, as in the north of England, 1 
example ; but in no district are they more conspicuous 
than in the Morea, where the phenomena attend! 
them have been lately studied and described i. 
fletail by M. Boblaye and his fellow-labourers of tb( 
Fcench expedition to Greece. From his 
it appears, that numerous caverns are there found il 

compact limestone, of the age of the English chE 
immediately below which are arenaceous strata r 
to the period of our green-sand. In the not 
:d districts of that peninsula ther 
land-locked valleys, or basins, closed round 

ru'des by mountains of fissured and cavernous tim 
stone. The year is divided almost as distinctly I 
between the tropics into a rainy season, which laaQI 
Qpirards of four months, and a season of drought, * 
of nearly eight months' duration. When the torrents 
8re swollen by the rains, they rush from surrounding 
heights into the inclosed basins; but, instead of giving 
rife to lakes, as would be the case in most other 
countries, they are received into gulphs or chasms, 
called by the Greeks " Katavothra," and which cor- 
cespond to what are termed " swallow-holes " in the 
north of England. The water of these torrents is 
diarged with pebbles and red ochreous earth, re- 
tetnbling precisely the well-known cement of the 

6«e Ann. des Mine*, 3me s&ie, lorn. iv. 1S33. 

as 
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{oiBeous breccias of the Mediterranean. It dissolves in 
icids with effervescence, and leaves a residue of 
Ul]>dratcd oxide of iron, granular iron, impalpable 
" H of silex, and small crystals of quartz. Soil of 
ome description abounds every where on the sur- 
nce of the decomposing limestone in Greece, that 
Kk containing in it much siliceous and ferruginous 
latter. 
Many of the Katavothra being insufficient to give 
Bssage to all the water in the rainy season, a tem- 
wrary lake is formed round the mouth of the chasm, 
^hich then becomes still farther obstructed by pebbles, 
, and red mud, thrown down from the turbid 
Waters. The lake being thus raised, its waters gene- 
ally escape through other openings, at higher levelS) 
Kuound the borders of the plain, constituting the bot- 
(tom of the closed basin. 

ne places, as at Kavaros and Tripolitza, where 

Ae principal discharge is by a gulpli in the middle of 

Ibe plain, nothing can be seen over the opening in 

iummer, when the lake dries up, but a deposit of red 

mud, cracked in all directions. But the Katavothron 

Kb more commonly situated at the foot of the stir- 

■bounding escarpment of limestone, and in that case 

s sometimes room enough to allow a person to 

in summer, and even to penetrate far into the 

Utterior. Within is seen a suite of chambers, coniinu- 

fenicating with each other by narrow passages ; and M. 

gVirlet relates, that in one instance he observed, near 

{he entrance, human bones imbedded in recent red 

Ebud, mingled with the remains of planls and animdi 

■[Of species now inhabiting the Morca. It is not won- 

K derful, he says, that the bones of man should be met 

irith in such receptacles, for so murderoui have been 
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tbe late wars in Greece, that skeletons are often seen 
lying exposed on the surface of the country.* 

In summer, wben no water is flowing into the Kata- 
vothron, its mouth, half closed up with red mud, is 
masked by a vigorous vegetation, which is cherished 
b; the moisture of the place. It is tlien the favourite 
hiding-place and den of foxes and jackals, so that the 
uune cavity serves at one season of the year for the 
habitation of carnivorous beasts, and at another as the 
diannel of an engulphed river. Near the mouth of 
one chasm, M. Qoblaye and his companions saw the 
carcass of a horse, in part devoured, the size of which 
teemed to have prevented the jackals from dragging 
itia; the marks of their teeth were observed on the 
boaes, and it was evident that the floods of the ensuing 
winter would wash in wliatsoever might remain of the 
skeleton. 

It has been stated that the waters of all these tor- 
rents of tlie Morea are turbid where they are en- 
gulphedi but when they come out again, often at the 
distance of many leagues, they are perfectly clear 
and limpid, being only charged occasionally with a 
slight quantity of calcareous sand. The points of 
eiujt are usually near the sea-shores of the Morea, 
but sometimes they are submarine ; and when this is 
the case, the sands are seen to boil up for a consider- 
tiie space, and the surface of the sea, in calm weather, 
wells in large convex waves. It is curious to reHect, 
that when this discharge fails in seasons of drought, the 
tea may break into subterraneous caverns, and carry in 
Burine sand and shells, to be mingled with ossiferous 
of terrestrial animals. 



Bull, de li Soc. G^ol. de Fiance, torn. iii. p. SSS. 
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In general, however, the efilux of water at these 

f inferior openings is surprisingly unitbrm. It seems, 

^therefore, that the large caverns in the interior must 

, and that the water only escapes 

idually from them, in consetjuence of the smallnesB 

f the rents and passages by which they communicate 

y^ith the surface. 

The phenomena above described are not confined to 

ytiie Morea, but occur in Greece geoorally, and in those 

i of Italy, Spain, Asia Minor, and Syria, where 

lithe formations of the Morea extend. When speaking 

l^sf the numerous fissures in the limestone of Greece, 

[. Boblaye reminds us of the famous earthquake of 

i we learn from Cicero, Plutarch, 

■Btnibo, and Pliny, Sparta was laid in ruins, part of the 

pnmmit of Mount Taygetus torn oif, and numerDU§ 

ulplis and fissures caused in the rocks of Laconia. 

During the great earthquake of 1(593, in Sicily,]Beveral 

isand people were at once entombed in the ruins 

ivema in limestone, at Sortino Vecchio; and, at the 

e time, a large stream, whicii liad issued for agea 

ijpne of the grottos below that town, changed sud- 

fiu subterranean course, and came out from the 

i cave lower down the valley, where no 

IT had previously flowed. To this new point the 

^ancient water-miils were transferred." 

^8 of engulphed rivers are thus liable 
I to change, from time to time, by alterations in the 
I levels of a country, and by the rending and shattering 
■.of mountain masses, we must suppose tiiat the dens of 
rild beasts will sometimes be inundated by subter- 
Erancan floods, and their carcasses buried under heaps 

' I lesmt this rront some inbubiUals of, Sortino ia 1839, and 
Ule^^e poinU alluded to. 
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rf Eluvium. Tlie bones, moreover, of individua 
which have died in the recesses of caves, or of animal 
which have been carried in for prey, may be drifted 
along, end mixed up with mud, saiid, and fragmeatll 
of tock, so as to form osseous breccias. 

But it is not merely in spots where streams s 
^phed that the bones of animals may be collected ij 
tents and caverns, for open fissures oflen serve t 
Dalursl pit-falls in which herbivorous animals perish 
This may happen the more readily when they i 
chased by beasts of prey, especially when they artffl 
carelessly browsing on the shrubs which so often o 
grow and conceal the edges of fissures.* 

Above the village of Selsiile, near Ingleborough in 1 
Yorkshire, a chasm of enormous but unknown deptli 
Koirs ill the Ecar-limestone, a member of the carboniu 
ferous series. " The chasm," aays Professor SedgwjckJ 
" is surrounded by grassy shelving banks, and i 
Buimals, tempted towards its "brink, have fallen dowi 
ind perished in it. The approach of cattle is now 
prevented by a strong loity wail, hut there can be nol 
doubt that, during the last two or three thoi 
years, great masses of bony breccia must have ac" % 
cumulated in the lower parts of the great fissure, J 
*iiich probably descends through the whole tliickness J 
oF Ihe Ecar-Hmestone, to the depth of perhaps five oc 1 
HZ hundred feet." \ 

When any of these natural pit-falis happen to com« | 
nmnicate with lines of subterranean caverns, the boneSf 1 



* Buckland, Reliquix DJIuvianic, p. 25. 

t'MenHHt on Ihe Structure of the Lake Mountains of ti 
Honh oT EpgluMJ, &E., read bcTare the Geological Society, i 
~n.5.1S31. 
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Lwid mud mixed with quartz pebbles, and in tlie three 
Ldeposits the bones oi' extinct quadrupeds. * 

This except o do b ot nvalidatc the generality of 
E'^he phunon e o po nteel ut by Dr. Buckland, one 
)auBc of wh ch n aj pe I apa be this, that if several 
jbods pass at d ifcr t nte als of time through a sub- 
erranean passage tt e last if it has power to drift ■ 
long fragments ol rock n U also tear up any alter- 
nating Btolagmitic and alluvial beds that may have beea 
previously formed. Another cause may be, that a 
articular line of caverns will rarely be so situated, ia 
relation to the lowest levels of a country, as to become^ 
i two distinct epochs, the receptacle of engulphed 
irers; and if this should happen, some of the caves, of 
tt least the tunnels of communicution, may at the Gnt 
eriod be entirely choked up with transported matter, 
s not to allow the subsequent passage of water io. 
same direction. 
As the some chasms may remain open throughout 
Kriods of indefinite duration, the species inliabitinga 
jountry may in the mean time be greatly changed, and 
thus the remains of animals belonging to very different 
qiochs may become mingled together in a common 
For this reason it ia often difficult to separate the 
IDonuments of the human epoch from those relating to 
periods long antecedent, and it was not without great 
are and skill that Dr. Buckland was enabled to guard 
punst such anachronisms in his investigation ofseveral 
Xfthe English caves. He mentions that human skele- 
i were found in the cave ofWokey Hole, near 
lis, in the Mendips, dispersed through reddish mud 
ind clay, and some of them united by stalagmite into 



* Journ. de G^dI., ' 
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B firm 'osseous breccia. " The spot on which they lira 
is within reach of the highest floods of the adjacenl 
river, and the mud in which they are buried i 
eridently fliiviatile,"* 

In speaking of tlie cave of Pavitand, on the coast ol 
Glamoi^ao shire, the same author states that the e 
tire mass through which bones were dispersed appear 
to have been disturbed by ancient diggings, so that tiK 
remains of extinct animals had become mixed 
cent bones and shells. In the same cave was a humu 
skelelOD, and the remains of recent testacea of eatabltt 
(pecies, which may have been carried in by man. 

hi several caverns on the banks oi' the Meuse, r 
li^e, Dr. Schmerling has found human bones in 
Mme mud and breccia with those of the elephantji 
riiinoceros, bear, and other quadrupeds of extinef 
(pedes. He has observed none of the dung of any e 
fliese animals; and from this circumstance, and t 
•ppearance of the mud and pebbles, he concludes thi 
fliese caverns were never inhabited by wild beasts, I 
washed in by a current of water. As the human sku] 
nd hones were in fragments, and no entire skeletd 
lid been found, he does not believe that these t 
Were places of sepulture, but that tlie human ren 
*ne washed in at the same time as the bones of extin^ 
^adnipeds. 

Cat<erns in the Smith of -France. — Similar ; 
Mciations in the south of France, of human bon* 
tod works of art with remains of extinct qui 
peda, have induced some geologists to maintain 
nan was an inliabitant of tliat part of Europe before 
Ibe rhinoceros, hyaena, tiger, and other fossil speciesl 

Reliquin DUuvianie, p. ie5. 
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'ed. I may first n 
a the ilepartment of Aude, where M. Marcel de Serres 
with a snia!) number of human bones mixed with 
e of extinct animals and with land-shells They 
ir in a calcareous stony mass, bound together by a 
ment of Btaiagmite. On examining the same caverns, 
. Toumal found not only in these calcareous beds, 
t also in a black mud wliich overlies a red osseous 
toud, several human teeth, together with broken an- 
r fragments of a rude kind of pottery, and also 
nt marine and terrestrial shells. The teeth pre- 
e their enamel ; but the fangs are so much altered 
IB to adhere strongly when applied to the tongue. Of 
the terrestrial shells thus associated with the bones and 
mttery, the most common are Cyclostoma elegans, 
: decollatus, Helix nemoralis, and H. nitida. 
the marine are found Pecten jacobfeus, Mytilus 
ind Natica niille-punctata, all of them eatable 
inds, and which may have been brought there for food. 
aes were found in the same mass belonging to three 
r species of deer, an extinct bear ( Ursus arclotdewi), 
i the wild bull (Bos urus), formerly a native of 
rGermany. * 

In the same part of France, M. de Christol has 
■ found in caverns in a tertiary limestone at Pondrcs and 
l:Souvignargues, two leagues north of Lunel-viel, in the 
^'department of Heruult, human bones and pottery con- 
B^usedly mixed with remains of the rhinoceros, bear, 
and other terrestrial mammifers. They 
e imbedded in alluvial mud, of the solidity of cal- 
j tufa, and containing some flint pebbles aod 
igments of the limestone of the country. Beneath 
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this mixed accumulation, which aometimes attained s 
diickneBS of thirteen feet, is the original floor of the 
cavern) about a foot tliick, covered with bones and 
the dung of animals {album (/rmcum), in a eandy and 
tufaceous cement. 

The human bones in these cuvems of Pondres and 
Souvignargues were found, upon a careful analysis, to 
have parted with their animal matter to as great a de- 
gree as those of the hjsna which accompany them, 
md are equally brittle, and adhere as strongly to the 
tongue. 

la order to compare the degree of alteration of these 
bones with those known to be of high antiquity, M. 
Mucel de Serres, and M. Ballard, chemist of Mont- 
peliier, procured some from a Gaulish sarcophagus in 
the plain of Lunel, supposed to have been buried for 
fourteen or fifteen centuries at least. In these the 
cellular tissue was empty, but they were more solid 
tliKi fresh bones. They did not adliere to the tongue 
ia the same manner as those of the caverns of Bize and 
Pondres, yet they had lost at least three fourths of 
tbeir original animal matter. 

The superior solidity of the Gaulish hones to those 
in a fresh skeleton is a fact in perfect accordance with 
the observations made by Mr. Mantell on bones taken 
&oia a Saxon tumulus near Lewes. 

m. Teissier has also described a cavern near Mialet, 
in the department of Gard, where the remains of the 
hear and other animals were mingled confusedly with 
human bones, coarse pottery, teeth pierced for amu- 
lets, pointed fragments of bone, bracelets of bronze, 
and a Roman urn. Part of this deposit reached to the 
roof of the cavity, and adhered firmly to it. Tlie au- 
thor suggests that the exterior portion of the grotto 
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iaay at one period have been a den of bears, and that 

kerwards the aboriginal inhabitants of the countiy 

iok possession of it either for a dwelling or a burial 

, and left there the coarse pottery, amulets, aitd 

inted pieces of bone> At a third period the Romans 

lay have used the cavern as a place of sepulture or 

)ncealment,andtotiieni may have belongedlheum and 

iceleta of metal. If we then suppose the course of 

eighbouring river to bo impeded by some terapo- 

3ause, a flood would be occasioned, which, rushing 

teto the open grotto, may have washed all the remains 

|bto the interior caves and tunnels, heaping the whole 

nfusedly together.* 

In the controversy which has arisen on this subject 

" ~Vr. Marcel de Serres, De Christol, Tournal, and 

it have contended, that the phenomenaof this and 

ther caverns in the south of France prove that the 

OBsil rhinoceros, hyfeoa, bear, and several other loBt 

s, were once coDtemporaneous inhabitants of the 

^untry, together with man, while M. Desnoyers ha> 

hipported the opposite opinion. The Bint hatchets 

urow heads, he says, and the pointed bones and 

e pottery of many French and English caves, agree 

recisely in character with those found in the tumuli, 

mder the dolmens (rude altars of unhewn stone) 

? the primitive inhabitants of Gaul, Britain, and 

t^emnany. The human bones, therefore, in the caves 

Wbicb are associated with such fabricated objects,. 

must belong not to antediluvian periods, but to a 

^ople in the some stage of civilization as those who 

ted the tumuli and altars. 

In the Gaulish moiiumeDtB, we iind, together with 

K the objects of industry above mentioned, tlie bones erf 

' ButL. de la Soc. Gfol. de France, torn. ii. pp. 5Q — 63. 
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wild and domestic animals of species now inhabiting 
Europe, particularly of deer, sheep, wild boars, dogs, 
borses, and oxen. This fact has been ascertained in 
Quercy, and other provinces, and it is supposed by an- 
tiquaries, thai the animals in question were placed 
beneath the Celtic altars in memory of sacrifices offered 
to the Gaulish divinity Hesus, and in the tombs to 
oommem orate fimcral repasts, and also from a super- 
ttitioD prevalent among savage nations, which induces 
them to lay up provisions for the manes of the dead 
in a fiiture life. But in none of these ancient nionu- 
ments have any bones been found of the elephant, 
rhinoceros, hya:;na, tiger, and other quadrupeds, such 
as are found in caves, as might certainly have been 
expected, had these species continued to flourish at 
the time that this part of Gaul was inhabited by man,* 

We are also reminded by M. Desnoyers of a pas- 
sage in Florus, in which it is related that CEsar or- 
dered the caves into which the Aquitanian Gauls had 
retreated to be closed up.f It is also on record, that, 
so late as the eighth century, the Aquitanians defended 
themselves in caverns against King Pepin. As many 
ofthesecavems, therefore, may have served in succea- 
BiOD as temples and habitations, as places of sepulture, 
concealment, or defence, it is easy to conceive that 
human bones, and thoEe of animals, in osseous breccias 
of much older date, may have been swept away to- 
gether, by inundations, and tlien buried in one pro- 
miscuous heap. 

It is not on the evidence of such intermixtures that 
we ought readily to admit either the high antiquity of 
the human race, or the recent date of certain lost spe- 
aei of quadrupeds. 

'* Desnoyen, Bull, de In 8oc. GM. dE France, tam> u>fi 

t Hi»t. Ho/a. Epit. lib. iii. c. 10, 




I PirUion of llie fubjecf — Plieiiomena relating tc 

mals and plants — Increased spedfic gravity ofwood sunk » 
great depths In t)ic soi — Kiperiments of Scorcsby — Diift 
timber carried by the Mackenzie into Slave Lake and Polo I 
HB — Floating trees in tlie Miuiiuippi — in tbe GulfEtieBin'' 
on the coaat of Iceland, Spilzbergen, and Labrador — IrabtiJ- 
ding of the remains of inwcta — of reptiles — Bones of hiidl 
why rare — Imbedding of terreilrial quadrupeds— EffecU o( 
a flood in tiie Sulway Firtli — Wild horses drowned in saviB- 
nahs of South America — Skeletons in recent shell mail— ' 
Imbedding of mamTDiftToua remains in marine strata. 

Division of t!ie siiJiject. — Having treated of the im- 
r bedding of organic remains in deposits formed upon 
' the land, I shall next consider the including of tbe 
Bame in deposits formed under water. 

It will be convenient to divide this branch of oOt 
subject into three parts ; considering, flrst, the varioui 
modes whereby the relics of Icrrestrial species may \» 
buried in Bubaijueous formations ; secondly, the mode* 
whereby animals and plants inhabiting_/rejA-T»Tter mi^ 
. be so entombed ; thirdly, how marine species may be" 
come preserved in new strata, 

The phenomena above enumerated demand a fullc* 

\ thare of attention than those previously examined* 

I since the deposits which originate upon dry land af* 

1 insignificant in thicknesB, superficial extent, and durtf' 

bility, when contrasted with those of subaqueoii' 

origin. At the same time, the study of the latter i* 
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beset with greater difficulties ; for we are here con- 
cerned with the results of processes much farther 
remoTed from the sphere of ordinary observation. 
Tbere is, indeed, no circumstance which eo seriously 
impedes the acquisition of just views in our science 
as an habitual diAegard of the important fact, that 
the reproductive effects of the principal agents of 
change are confined to another element, — to that 
larger portion of the habitable globe, from which, 
by our very organization, we are almost entirely 
excluded.* 

ImhfJding of Terresfrial Plants. 
When a tree falls into a river from the undermining 
of the banks, or from being washed in by a torrent or 
Bood, it floats on the surface, not because the woody 
portion is specifically lighter than water, but because 
it ia full of pores containing air. When soaked for a 
considerable time, the water makes its way into these 
porea, and the wood becomes water-logged and sinks. 
The time required for this process varies differently 
in different woods ; but several kinds may be drifled 
to great distances, sometimes across the ocean, before 
they lose their buoyancy. 

Wood sunk to a great depth in the iea If wood be 

iunk to vast depths in the sea, it may be impregnated 
vith water suddenly. Captain Scoresby informs us, 
itthis Account of the Arctic Regions f, that on one 
occasion a whale, on being harpooned, ran out all the 
lines in the boat, which it then dragged under water, 
lo the depth of several thousand feet, the men having 
just time to escape to a piece of ice. When the fish 
tetnmed to the surface " to blow," it was struck a 

* Book i. chBp. V. f Vol. ii. p. 191. 
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•econd timci and Boon aflerwurds killed. Tlie Iti 
it expired it began to H^nk, — an ununual circumstance 
wbicii was found to be caused liy tlio weight of the 
! ■unken boitt, which itlll reniHincd attached to it> B/ 
I means of harpuons and ropeN the Ruh was prevented 
I from sinking until it wae rdeiuicd from the weight bf 
connecting a rope to the lines of the attuehed boMi 
which was no sooner done than tlie fiiih ruse again M 
the surface. The sunken boat wag then hauled up 
' with great labour, for so heavy was it, that althou^ 
I before the accident it would have been buoyant when 
full of water, yet It naw required a boat at each end 
to keep it from sinking. ■' When it wa« hoisted iiiH 
the (hip, the paint came off the wood in large ttieeli) 
And the plunks, which were of wainscot, were as con* 
pletely soaked in every pore as if they had loin U 
tlie bottom of the sen since the flood I A woodni 
apparatus that accompanied the hoitt in its progrW 
through the deep, consisting chiefly ofa piece of thick 
deal, about fitleen inches square, liappened to ElD 
overboard, and, though it originally consisted of tbt 
lightest fir, sank in the water like a stone. The bolt 
was rendered useless ; even the wood of which it WK 
built, on being offered to the cook for fuel, was tried 
Bnd rejected as incombustible," • 

Captain Scoresby found tliat, by sinking picceiy 
fir, elm, ash, &c., to the depth of four thousand and 
tometimes six thousanit feet, they became inipregnattd 
with lea-water, and when drawn up again, afler Im- 
tnersion, for an hour, woukl no longer float. Tb( 
effect of this impregnation wax to Increase the dimoD' 
■Ions as well as the specific gravity of the wood, evetj 



* Account of tiM Arctic Rugioai, votil. p. ISD* 
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Solid inch having increased one-twentieth in size s 

Iwenty-one twenty-fifths in weight. ■ 

Drifi'wood of iJte Macienzie river. — When timbef^ 
it drifted down by a river, it is often arrested by lakev 
and, becoming water-logged, it may sink and be Ii 
bedded in lacustrine strata, it" any be there forming ij 

I Hmetimeg a portion floats on till it reaches the s 

! &the course of the Mackenzie River we have an i 
imple of vast accumulations of vegetable matter n 
fa progress under both these circumstaDces. 

I In Slave Lake in particular, which vies in dim 
with Bonie of the great fresh- water seas of Canada 
the quantity of drift-timber brought down annually if 
raonnouB. " As the trees," says Dr. Richardso 
"retain their roots, which are often loaded with eartsi 
tad stones, they readily sink, especially when wateV'fl 
Unted, and, accumulating in the eddies, form shoal^ 
^ich ultimately augment into islands. A thicket e 
tball willows covers the new-formed island as 
d appears above water, and their fibrous roots i 
Wad the whole firmly together. Sections of theafl 
l^ds are annuaUy made by the river, assisted bjH 
tile frost ; and it is interesting to study the diversiti^ 
>f ^pearances they present, according to tli 
''(rent ages. The trunks of the trees gradually decatS 
saiil they are converted into a blackish -brown Gub«J 
Aioce resembling peat, but which still retains more on 
Ictt of the fibrous structure of the wood; and layers* 
of this often alternate with layers of clay and sand, the ■ 
•^ole being penetrated, to the depth of four or fiva I 
JItds or more, by the long fibrous roots of the wUIowb, J 
A deposition of this kind, with the aid of a little i 
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filtration of bituminous matter, would produce an ex- 
cellent imitation of coal, with vegetnble innpressioni 
of the willow -roots. What appeared most remarkable 
was the horizontal slatj structure iliat the older all* 
fial banks presented, or the regular curve that tlie 
strata assumed from unequal subsidence. 

" It was in the rivers only that we could observe 
sections of these deposits, but the same operation goO 
on on a much more magnificent scale in the lakes. A 
shoal of many miles in extent is formed on the soulli 
side of Athabasca Lake, by the drift-limber and vegC' 
table debris brought down by the Elk Uiver ; and tltt 
Slave Lake itself must in process of time be fiUetlup 
I by the matters daily conveyed into it from Slg»e 
er. Vast quantities of drill-timber are buried undtf 
sand at the mouth of the river, and enormous pikes 
of it are accumulated on the shores of every part of 
[ the lake."* 

The banks of the Mackemtie display almost evay 

I where horizontal beds of wood coal, alternating witii 

I bituminous clay, gravel, sand, and friable sandstooei 

f sections, in short, of such deposits as are now evidently 

forming at the bottom of the lakes which it traverses- 

Notwithstanding the vast forests intercepted by the 

lakes, a still greater mass of drift-wood is found where 

the Mackenzie reaches the sea, in a latitude where 

no wood grows at present, except a few stunted ii^ 

lows. At the mouths of the river the alluvial matltf 

has formed a barrier of islands and shoals, where w» 

may expect a great formation of coal at some distHit 

period. 

The abundance of floating timber on the Mackeosi* 



* Dr. Itlcherdeo 



i Geognoal, Obs. on Capt. Fnuiklin'i Pel" 
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a owing, as Dr. Richardson informs me, to the direc* ^ 
don and to the length of the course of this 
vhich runs from south to north, so that the sources \ 
of [he stream lie in much warmer latitudes thai 
mouths. In the country, therefore, where the former I 
Me situated, the frost breaks up at an earlier 
vhile yet the waters in tlie lower part of its course 
ire ice-bound. Hence the current of water, rushing 
down northward, reaches a point where the thaw hu:l 
not begun, and, finding the channel of the river blacked 1 
up with ice, it overflows the banks, sweeping through J 
filTests of pines, and carrying away thousands of up* I 
tooted trees. 

Ihifl-teood of the Mississippi. — I have already 6 
wved* that the navigation of the Mississippi is mucllil 
inpeded by trunks of trees half sunk in the riv 
Wiehing the Gulf of Mexico many of thera subsidl 
nd are imbedded in the new strata which form the'! 
ddta, hut many of them float on and enter the Gulfj 
■ itteBm. "Tropical plants (says M. Constant Prevost)! 
we taken up by this great current, and carried i: 
Uitherly direction, till they reach the shores of Ice*] 
land and Spitz.bergen uninjured. A great portion c 
tiieni are doubtless arrested on their passage, andj 
Fnbably always in the same inlets, or the same spotiil 
n the bottom of the ocean ; in fact, wherever an eddjil 
n calm determines their distribution, which, in this 1 
«i%le example, extends over a space comprehended^ 
Wtween the equator and the eightieth degree of lali-4 
e space, six times more considerable! 
1 that occupied by all Europe, and thirty times 1 
I France. The drifting of various sub- I 

' Vol. I. p. 272. 
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. Stances, though regular, is not continual ; it takes place 

by intermittance after great inundations of rivers, and 

B intervals the waters may only carry sand or 

. mud, or each of these alternately, to the same locali- 

[■ties."* 

Drift-timber on coasts of Iceland, Spitzbergen, S^c, — 
' The ancient forests of Iceland, observes Malte-Brun, 
I have been improvidently exhausted ; but, although 
I the Icelander can obtain no timber from the land, he 
) is supplied with it abuodantly by tlie ocean. An im- 
mense quantity of thick trunks of pines, firs, andothei 
' trees, are thrown upon the northern coast of the island, 
especially upon North Cape and Cape Langaness, and 
e then carried by the waves along these two pro- 
I montories to other parts of the coast, so as to afford 
I Bufficiency of wood for fuel and for constructing boats 
I Timber is also carr e 1 to he h s of Labrador and 
I Greenland ; and C a t? as that the masses at 

I Boating wood thron b h w upon the island od 
I John de Mayen oft q al h wh le of that island i« 
I extent, f 

In a similar man h bay of Spitzbergen art 

I filled with drift-wood, which accumulates also upo* 
e parts of tlie coast of Siberia that are exposed W 
I the east, consisting of larch trees, pines, SibenaK 
I cedars, firs, and Fernambucco and Campeachy woods 
e trunks appear to have been swept away by th* 
I great rivers of Asia and America. Some of them bt* 
\ brought from the Gulf of Mexico, by the Bahaml 
' stream, while others are hurried forward by the currei* 
' which, to the north of Siberia, constantly sets in fior* 

-Jem. de la Soc. d'Hisl. Not. dc Pnris, vol. iv. p. 84, 
I MBlle-Brun, Geog., vol. v. part i. p. 112, — Cranti, Hid. *3 
r GreenUud, lomei. pp. 50 — Si. 
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east to west. Some of tlieBe trees have deen deprive^ 
of their bark by friction, but arc in such a state of pra 
aervation as to form excellent building timber, 
of the branches and almost all the roots remain fixed 
to the pines which have been drifted into the Norti^ 
Sea, into latitudes too cold tor the growth of such tin^ 
ber, but the trunks are usually barked. 

Lighter parts of plants carried out to sea fiy h 
tkanes. — The leaves and lighter parts of plants e 
seldom carried out to sea, in any part of the 
except during tropical hurricanes among island! 
Ind during the agitations of the atmosphere 
sometimes accompany earthquakes and volcanic erupj 
lions.! 

Dmclvding remarks. — It will appear from these 
■ovations that, although the remains of terrestrial 
Vegetation, borne down by aqueous causes from t 
hod, are chieSy deposited at the bottom of Inkei 
M (he mouths of rivers, yet a. considerable quantity ii 
drifted about in all directions by currents, i 
become imbedded in any mariwc formation, or may si 
down, when water-logged, to the bottom of unfathoni'^ 
Aleabysses, and there accumulate without intermixture J 
of other substances. 

It may be asked whether we have any data for infei; J 
ibg that the remains of a considerable proportio 
the existing species of plants -will be permanently pre 
Kried, so as to be hereafter recognizable, supposii^ 
the strata now in progress to be at some future period 
upraised ? To this inquiry it may be answered, tha| 
•liere are no reasons for expecting that raon 

' Olflfscii, Voyage to letlanil, lume i. Walle-Bru 
•oL'.pwli. p. 112. 
t Be U Beuhe, Geol. Manunl, p. 4TT. 
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II number of tiic plants now flourishing in the globe < 
I will become fosBllizedi since the entire habitations ofs \ 
Lgreat number of them are remote from lubes and seat, i 

Wd even where tliey grow near to large bodies of 
^mter, the circumstances are quite accidental and par- 
lal which favour the imbedding and conservation of 
bvegetable remains. Those naturalists, therefore, who 
'ofer that the ancient flora of tlic globe was, at certain 
Mriods, less varied than now, merely because they 
ts yet discovered only a few hundred fossil specio 
if a particular epoch, while they can enumerate more 
n fifty thousand living ones, are reasoning on a fain 
), and their standard of comparison is not the sane 
D the two cases. 

Iinbedilinff of the Jtemains of Insects. 

I have observi3d tlic elytra and other parts of beetle! 

a a band of fissile clay, separating two beds of recent 

ihell-marl, in the Loch of Kinnordy. Amongst theM) 

'" . Curtis recognized Elater lineatus and Atopa ce^ 

Mna, species still living in Scotland. Tlicse, as well U 

mains which accompanied them, appear to 

belong to terrestrial, not aquatic species, and muit 

ive been carried down in muddy water during an 

jbundation. In the lacustrine peat of the same localityt 

^e elytra of beetles are not uncommon : but in the 

sits of drained lakes generally, and in the silt of 

estuaries, the relics of this class of the animd 

lorn are rare. In tlie blue clay of very modem 

n of Lewes Levels, Mr. Mantell has found the 

sia, or cases of the larvte of PhrygaJiea, in abun. 

e, with minute shells belonging to the genera 

inorbis, Limnea, &c., adhering to them. * 

* Tnnit. Geol. Soc, vol. Hi, [iitrti. p. 201. second scricA. 
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When Epeaking of the migrations of insects, 1 pointed 
out iliat an immense number arc flnated into lakes a 
seu by rivers, or blown by winds fur from the iandJ 
bot they are so buoyant that we can only suppose tbeo^ 
tinder very peculiar circumstances, to sink to the bot 
tail before they are either devoured by insectivoroiU 
animals or decomposed. 

Remains of Reptiles. 
As the bodies of several crocodiles were found u 
the mud brought down to the sea by the river i 
dation which attended an earthquake in Java in 
year 1699, we may imagine that extraordinary & 
of mud may stifle many individuals of the shoals 
alligators and other reptiles which frequent lakes a: 
thedeltas of rivers in tropical climates. Thousands Oj 
&og3 were found leaping about among the wreglEI 
tarried into the sea by the late inundations in 
diire*; and it is evident that whenever a SLii-cliffilJ 
ondetmined, or land is swept by other violent c 
into the sea, land reptiles may he carried in. 

Remains of Birds. 
We might have anticipated that the imbedding of tlu 
remains of birds ia new strata would be of very rj 
occurrence, for their powers of flight insure thea| 
flgiinat perishing by numerous casualties to whidi 
^UH^'upeds are exposed during floods; and if th^ 
ebsDCe to be drowned, or to die when swimming o 
the water, it will scarcely ever happen that they « 
be submerged so as to become preserved in sedimenC^ 
ary deposits. In consequence of the hollow tubul 
alructure of their bones and the quantity of theisl 

[^cDunt. secoad edition, p. SI 3. 
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feathers, tliey are extremely light in proportion 
their volume, sn that when first killed they do i 
to the bottom like quadrupeds, but float oo the suri 
until the carcass either rota away or is devoured 
predaceouB animals. To these causes we may asci 
I the abgence of any vestige of the bones of birds in 
recent marl formations of Scotland ; although til 

:es, until the moment when they were artifici 
drained, were frequented by a great abundance 
water-fowl. 

Sir T. D. Lauder records that some aquatii 
were dashed to pieces by the impetuous waters of 
Deveron, in Aberdeenshire, as they rushed throug 
narrow pass among the roeks during the floods of 16S 
In this manner torrents cliarged with mud 
occasionally deposit the remaias of birds in lacusb 
strata. 

Imbedding of terrestrial Quadrupeds. 

Eiver inundations recur in moat elimates at veiy 
regular intervals, and expend their fury on those r 
alluvial plains where herds of herbivorous quadrup< 
congregate together. Tlieae animals are often e 
prised, and being unable to stem the current, i 
hurried along until they are drowned, when tb 
sink at first immediately to the bottom. Here th 
bodies are drifted along, together with sediment, ii 
lakes or seas, and may then be covered by a mass 
mud, sand, and pebbles, thrown down upon them, 
there be no sediment superimposed, the gases geueral 
by p'Jirefaction usually cause the bodies to rise ag 
to the surface about the ninth, or at latest the fo 
teenth day. The pressure of a thin covering of a 

* Account of Ihe Great Floodi, &c,, second ed., p. 390, 
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*aiA not be sufficient to retain them at the bottom, 
for we see the putrid carcasses of dogs and cats, even 
o rivers, floating with considerable weiglita attached 
lo them, and in sea-water tliey would be still more 
buoyant. 

Where t!ie boiy is so buried in drift-sand, or mud 
accumulated upon it, as never to rise again, the skele- 
tOD may be preserved entire ; but if it comes again to 
llie surface while in the proc*ss of putrefaction, the 
bones commonly fall piecemeal from the floating car- 
tasB, and may in that case be scattered at random 
oter the bottom of a lake, estuary, or sea, so that a 
jn may afterwards be found iu one place, a rib in an- 
otIieT, a humerus in a third — all included, perhaps, in 
> matrix of fine materials, where there may be 
eridence of very slight transporting power in the cur- 
rent, or even of none, but sjmjdy of some chemical 
pfecipitate. 

A large number of the bodies of drowned animals, if 
tbef float into the sea or a lake, especially in hot 
slimates, are instantly devoured by sharks, alligators, 
•ad other carnivorous beasts, which may have power 
lodlgest even the bones. But during extraordinary 
Soods, when the greatest nunnber of land animals are 
^troyed, the waters are commonly so turbid, es- 
pecially at the bottom of the channel, that even aquatic 
•pecies are compelled to escape into some retreat 
where there is clearer water, lest they should be stifled. 
I'm this reason, as well as the rapidity of sedimenta 
deposition at such seasons, the probability of ci 
becoming permanently imbedded is considerable. 

Flood in the Solway Firth, ITg*.— One of the^ 
ttost memorable floods of mc^dern date, in our island, 
u that which visited part of the southern borders of _ 
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I Scotland, on the 2+th of January, 1794, and whicl 
I spread particular devastation over the country adjoinii* J 
I the Solway Firth, 

We learn from the ac count of Captain Napier, tha 
L.the heavy rains had swollen every stream which erm 
Itered the Firth of Solway, so that the inundation na> 
1 only carried away a great number of cattle and aheei* 
[but many of the herdsmen and shepherds, washing 
Q their bodies into the estuary. After the stonM 
r when the flood subsided, an extraordinary spectacla 
I was seen on a large sand-bank, called " the beds V 
I Esb," where there is a meeting of the tidal waters, ana 
I where heavy bodies are usually left stranded after gre^ 

loods. On this single bank were found collected to* 

[ether the bodies of nine black cattle, three horses 
[ 1810 sheep, forty-five dogs, 180 hares, besides a greaa 
I number of smaller animals, and, mingled with the resS 

;he corpes of two men and one woman. * 
Fhods in Scotland, 1829. — In those more recenj 
I floods in Scotland, in August, 1829, whereby a fertile 
[ district, on the east coast, became a scene of dreadfia 
t desolation, a vast number of animals and plants wer« 
I washed from the land, and found scattered about afte: 
storm, around the mouths of the principal rivers 

An eye-witness thus describes the scene which pre- 
ted itself at the mouth of the Spey, in Morayshire 
I — "For several milesalong the beach crowds were eni' 
L ployed in endeavouring to save the wood and othef 
I wreck with which the heavy roiling tide was loaded j 
I whilst the margin of the sea was strewed with the car- 
1 casBes of domestic animals, and with millions of dead 
[ bares and rabbits. Thousands of living frogs, also, 



' Treatise on Pnctiial Stora Farming, p> S 
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B>rept from ttie fields, no one can say how far oiF, were 
observed leaping among the wreck." • 

Savannahs of South America. — We are informed 
hj Humboldt, that during the periodical swellings of 
the large rivers in South America great numbers of 
quadrupeds are annually drowned. Of the wild horses, 
ftr example, which graze in immense troops in the 
Ursnnahs, thousands are said to perish when the river 
Apure is swollen, before they have time to reach the 
rising grounds of the Llanos. The mares, during the 
fteason of high water, may be seen, followed by their 
colts, swimming about and feeding on the grass, of 
which the top alone waves above the waters. lo this 
state they are pursued by crocodiles ; and their thighs 
frequently bear the prints of the teeth of these carni- 
vorous reptiles. " Such is the pliability," observes the 
celebrated traveller, "of the organization of the animals 
Wbidi man has subjected to his sway, that horses. 
Cows, and other species of European origin, lead, for 
a time, an amphibious life, surrounded by crocodiles, 
Water-serpents, and manatees . When the rivers return 
^io into their beds, they roam in the savannah, which 
u tlien spread over with a fine odoriferous grass, and 
enjoy, as In their native climate, the renewed vege- 
tslion of spring." -|- 

Floods of the Ganges. — We find it continually stated, 
bj those who describe the Ganges and Burranipooter, 
4ai these rivers carry before thcni, during the 
Kasan, not only floats of reeds and timber, hut dead 
Wies of men, deer, and oxen.:[: 




s Floods in Mora;!>hirc, I8S9, p. SI 
■d. ; Bill! see alioye, toI. i. p, 252. 
t Huinboldt's Pers. Nar., vol. iv. pp. 394 — 396. 
t m te-Bnin, Geog., toI. Mi. p. 23. 
I 6 
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In Java, 1699. — I liave already referred to the 
iffects of a flood which attended an earthquake in Java 
wlien tlie turbid waters of the Batavian river 
eatroyed all the fifili excejit the carp ; and when 
Jrowned buffaloesj tigers, rhinnceroses, deer, apes, and 
^ther wild beasts, were brought down to the sea-coast 
lurrent, with several crocodiles which had been 
1 the mud.* 

On the western side of the same island, in the ter- 
ftitory of Goulongoug, in the Regencies, a more recent 
Volcanic eruption (1821) was attended by a flood, 
Pduriog wliicli the river Tjetandoy bore down hundreds 
■jof carcasses of rhinoceroses and buffaloes, and swept 
I Away more than one hundred men and women from a 
multitude assembled on its banks to celebrate a festival. 
JiWhether tlie bodies reached the sea, or were deposited, 
k^ith drift matter, in some of the large intervening allu- 
Ivial plains, we are not informed.f 

In Virginia, 1771. — I might enumerate a great 
ftsumber of local deluges that have swept through dies 
'ertile lands bordering on large rivers, especially itt 
tropical countries, but I should surpass the limits as- 
•Vigned to this work. I may observe, however, that the 
^destruction of the islands, in rivers, is often attended 
I vith great loss of hve». Thus, when the prindpal 
I river in Virginia rose, in 1771, to the height of twenty- 
pfive feet above its ordinary level, it swept entirely sw^ 
►Elk Island, on which were seven hundred head of 
fc ■quadrupeds, — horses, oxen, sheep, and hogs, — and 
I nearly one hundred houses. J 

• See Vol. U, p. 248. 

t Tliia account I had from Mr. BaumhnUBr, Direcldr- GiuerJ 
at Fmanccfi in Jayb. 
1 Scolb Mag., vol. xxiiii. 
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The reader will gather, from what was before e 
respecting thedeposition of sediment by aqueous ci 
that the greater number of the remains of quadrupM 
drifted away by rivers must be intercepted by lei 
■before thejf reach the sea, or buried in fresh-n 
ibrmations near tlie mouths of rivers. If they a' 
lied still farther, the probabilities are increased o: 
rising to the surface in a state of putrefactio 
that case, of being there devoured by aquatic I 
of prey, or of subsiding into some spots whither 
sediment is conveyed, and, consequently, where e 
vestige of them will, in the course of time, disappea 

Skeletons ofanimais in recent skdl-marl, Scotland.^ 
In some instances, tbe skeletons of quadrupeds are a 
with abundantly in recent shelUmarls in Scotlsi 
where we cannot suppose them to have been im 
by the action of rivers or floods. They all be 
species which now inhabit, or are known to have b 
indigenous in Scotland. The remains of several h 
dred skeletons have been procured within the 
century, from five or six small lakes in Forfarj 
where shell-marl has been worked. Those of the at 
(Cervui elaphtts) are most numerous, and if tlie othM 
be arranged in the order of their relative abundanfl 
they will follow nearly thus : — the ox, the boar, i 
horse, the sheep, the dog, the hare, tbe fox, the wfj 
and the cat. The beaver seems extremely r; 
it has been found in tiie shell-marl of Loch Marlie,| 
Pertbshire, and in the parish of Edrom, in Berwiq 

In tbe greater part of these lake deposits there S 
no signs of floods, and the expanse of wab 
originaily so confined, that the smallest of the 
mentioned quadrupeds could have crossed, by s< 
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lining, from one shore to the other. Deer, and such 
es as take reaJily to the water, may often have 
mired in trying to land, where the bottom wag 

ind quaggy, and in their efforts to escape may 

tave plunged deeper into the marly bottom. Some 

individuals, I suspect, of different species, have fallen 

a crossing the froiten surface in winter ; for no- 

;an be more treacherous than the ice when 

L consequence of the springs, 

nd which, retaining always an. 

, cause the ice, in certain spots, to 

, while in every other part of the 

>ugh to bear the heaviest weights. 

?maina in marine strata, — As the 

s of mammalia are oflen so abundantly preserved. 

D peat, and in such lakes as have just been described, 

e encrnacliments of a sea upon a coast may some- 

mes throw down the imbedded skeletons, so that thejr 

aay be carried away by tides and currents, and en- 

I tombed in subaqueous formations. Someof the smallo- 

I quadrupeds, also, which burrow in the ground, as welL 

IS reptiles and every species of plant, are liable to be- 

I cast down into the waves by this cause, which must 

I not be overlooked, although I believe it to be of com- 

1 paratively small importance amongst the numerous 

I. agents whereby terrestrial organic remains arc included 

I in submarine strata. 
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CHAPTER XVI. 

IMBEDDING OF THE REMAINS OF MAN AND HIS WORKS IN 

SUBAQUEOUS STRATA. 

Drifting of human bodies to the sea by river inundations — De- 
stniction of bridges and houses — Loss of lives by shipwreck— 
HoHT human corpses may be preserved in recent deposits — 
Number of wrecked vessels — Examples of fossil skeletons of 
men — of fossil canoes, ships, and works of art — of the che- 
mical changes which metallic articles have undergone after long 
submergence — Imbedding of cities and forests in subaqueous 
strata by subsidence of land — Earthquake of Cutch in 1819—- 
Submarine forests — Example on the coast of Hampshire — > 
Origin of a submarine forest — Berkley's arguments for the 
I'ecent date of the creation of man — Concluding remarks. 

A SHALL now proceed to inquire in what manner the 
niortal remains of man and the works of his hands may 
t>e permanently preserved in subaqueous strata. Of 
the many hundred million human beings which perish 
m the course of every century on the land, every ves- 
tige is usually destroyed in the course of a few thousand 
years ; but, of the smaller number that perish in the 
'haters, a considerable proportion must fi^equently be 
entombed, under such circumstances, that parts of 
them may endure throughout entire geological epochs. 
The bodies of men, together with those of the infe- 
rior animals, are occasionally washed down during river 
^undations into seas and lakes.^ Belzoni witnessed a 
flood on the Nile in September, 1818, where, although 
the river only rose three feet and a half above its ordi- 

♦ See pp. 179, 180. 
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I nary level, several villages, with some hundreds of men, 
1 Tvomen, and children, were swept away." It wo« l»- 
^ibre mentioned that a rise of six feet of water in the 
Ganges, in 1763, was attended with a much greater 
[IIdss of lives, f 

In the year 1771, when the inundationB in the noTlti 
B'of England appear to have equalled the recent flo«^ 
, Morayshire, a great nnmber of houses and tV^' 
bhabitants were swept away by the rivers Tyne, C" 
r, Tees, and Greta ; and no less than twenty — " 
bridges were destroyed in the courses of these ri-*^' 
E At the village of Bywell the flood tore the dead hc^ '^ 
Fand coffins out of the churchyard, and bore them a'^'*" 
I' together with many of the living inhabitants. Di^ "" 
E 'the same tempest an immense number of cattle, ho^*^ 
Kknd sheep, were also transported to the sea, whil^- 
I whole coast was covered with the wreck of ships. ^^ 
f centuries before (in 1338), the same district had t^ 
ilsited by a similar continuance of heavy rains follfr "^ 
ftby disastrous floods, and it is not improbable tliattf^ 
fcatastropbes may recur periodically. As the po[* * 
f ^n increases, and buiUlingB and bridges are multipl * 
fwe must expect the loss of lives and propert/' 
r augment, j. 

Fos»iliz(ilimi of human bodies in Ihe bed of the if*'' 
pif to the hundreds of human bodies committed to t* 
1 deep in the way of ordinary burial we add those ' 
f individuals lost by shipwreck, we shall find that, in '*' 
[■course of a single year, a great number of human ^ 
I mains are consigned to the subaqueous regions. 
■hall hereafter advert to a calculation by which it ap 

- Narrativp of DiwoYCiy in Egypt, &c., Irfindoii, !«za 

t Vul. I. p. 357. 

t Scots Mag., vol. iixiii., 1771. 
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pears that more than five hundred British vessels alone, 
areraging each a burden of about one hundred and 
twenty tons, are wrecked, and sink to the bottom, 
anfiually. Of these the crews for tlie most part escape, 
although it sometimes happens that all perish. In one 
great naval action several thousand individuals some- 
times share a watery grave. 

Many of these corpses are instantly devoured by 
predaceous iish, sometimes before tliey reach the bot- 
tom ; stili more frequently when they rise again to the 
«urfece, and float in a state of putrefaction. Many 
decompose on the floor of the ocean, where no sedi- 
ment is thrown down upon them ; but if they fall upon 
a reef where corals and shells are becoming agglutinated 
into B solid rock, or subside where the delta of a river 
is advancing, they may be preserved for an incalculable 

Often at the distance of a few hundred feet from a 
coral reef, where wrecks are not nnftequent, there are 
DO soundings at the depth of many hundred fathoms. 
Canoes, merchant vessels, and ships of war, may have 
sunk and have been enveloped, in such situations, in 
calcareous sand and breccia, detached by the breakers 
from the summit of a submarine mountain. Should a vol- 
canic eruption happen to cover such remains with ashes 
and sand, and a current of lava be afterwards poured over 
them, the ships and human skeletons might remain un- 
injured beneath thesuperincumbent mass, like thehouses 
and works of art in the subterranean cities of Campania. 
Already may human remains have been thus preserved 
beneath formations more than a thousand feet in thick- 
ueas ; for, in some volcanic archipelagos, a period of 
thirty or forty centuries might well be supposed suf- 
ficient for such an accumulation. 
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beneath these and the metallic substances the bones of 
man may be preserved. 
I Number of mreched vessels. — Wlien we reflect on 
the number of curious monuments consigned to the 
bed of the ocean in the course of every naval war 
from the earliest times, our conceptions are greatly 
taised respecting the multiplicity of lasting memorials 
which man is leaving of his labours. During nur last 
great struggle with France, thirty-two of our ships 
of the line went to the bottom in the space of twenty- 
ttro years, besides seven fifty-gun ships, eighty-six 
frigates, and a multitude of smaller vessels. The 
navies of the other European powers, France, Hol- 
land, Spain, and Denmark, were almost annihilated 
inring the same period, so that the aggregate of 
ttieir losses must have many times exceeded that of 
Great Britain. In every one of these ships were bat- 
Wties of cannon constructed of iron or brass, whereof 
> great number had the dates and places of their 
laanuiacture inscribed upon them in letters cast in 
*eiat. In each there were coins of copper, silver, 
•od often many of gold, capable of serving as valuable 
"listorical monuments ; in each were an infinite variety 
Cf instruments of the arts of war and peace, many 
™ined of materials, such as glass and earthenware, 
(Spable of lasting for indefinite ages when once re- 
"loved from the mechanical action of the waves, and 
buried under a mass of matter which may exclude the 
Wroding action of sea-water. 

But the reader must not imagine that the fury of 
*Br IE more conducive than the peaceful spirit of 
^Biniercial enterprise to the accnnmlation of wrecked 
*^aels in the bed of the sea. From an examination 
^ Lloyd's lists from the year 1793 to the 
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l of 1829 it has appeared that the Dumber of 

triCith vesseh alone lost during tliat period amounted, 

1 an average, to no less than one and a half daily*, 

a extent of loss which would hardly have been attticl- 

Mted, although we learn from Moreau's tables that the 

r of mcrcli ant vessels employed at one time, in 

e navigation of England and Scotland, amounts to 

Vltbout twenty thousand, having one witli another a 

luean burden of 120 tons.f Out of 5S\ ships of the 

il navy lost to the country during the period above 

lentioned, only 160 were taken or destroyed by the 

, the rest having either stranded or foundered, 

: having been burnt by accident {, a striding proof 

t the dangers of our naval warfare, however great, 

nay be far exceeded by the storm, the hurricane, the 

K^oal, and all the other perils of the deep> 

IhiToble natuTB of many of UteiT contents. — Millions 
B^ silver dollars and otiier coins have been sometimes 
ibmerged in a single ship, and on these, when they 
I to be enveloped in a matrix capable of pro- 
l tecting them from chemical changes, much information 
I of historical interest will remain inscribed, and endure 
E-fiir periods as indefinite as have the delicate markings 
Ya£ zoophytes or lapidified plants in some of the ancient 
y rocks. In almost every large ship, more' . 



m indebted to Cftplain W, H. Smyth, R. N. , for tlui in- 
n ; and my friend Mr. J. L, Prevost, F.G.S., has (band, 

R'^ inspening Lloyd'* lists for the years 1BQ9, 1830, and 1831, 

s» ttinn 1953 vessels were loit in those three years, their . 
ftliserage tonnage beiog above 1,^0 Inns. This increased loss arisen j 
from iutreasing Hctivitj' in commerce. | 

t CasBT Moreau's Tables ofthe Navigalion of Great Briton. 
t I give tline results on the authority of Captain W. H. Smytb, 
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over, there are some precious stones set in seals, and 1 
other articles of use anil ornament composed of the 1 
hardest substances in nature, on which letters and J 
varioas images are carved — engravings which they-l 
moj- retain when included in subaqueous strata, ; 
loogaa a crystal preserves its natural form. 

It was, therefore, a splendid boast, that the deeds 1 
of the English chivalry at Agincourt made Henry'B''J 
cfaronicle 

As is the ooic and bottom of the deep 
With sunken wreck and sumlesa treasuries^ 

tw it is probable that a greater number of monumeaU 
of the skill and industry of man will, in the course a 
>%(%, be collected together in the bed of the 
tluiiirill be seen at anyone time on the surface of tU 



If our species be of as recent a date as is generally' 
Wpposed, it will be vain to seek for the remains of 
iian and the works of his hands imbedded in submarine 
tmta, except in those regions where violent earth- 
laakre are frequent, and the alterations of relative 
lerel so great, that the bed of the sea may have been 
tonverted into land within the historical era. We need 
Hot despair, however, of the discovery of such monu- 
ments when those regions which have been peopled by 
nun from the earliest ages, and which are at the same 
(inie the principal theatres cf volcanic action, shall 
l* examined by the joint skill of the antiquary and 



Power of human remains to redst dea 
t^ be no doubt that human remains are as capable of 
'eiiiting decay as are the harder parts of the inferior 
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and I have already cited the remark of 
|iCuvier, that " in ancient fields of battle the bones of 
a liave suffered as little decomposition as those of 
■s which were buried in the same grave."* Id 
^e delta of the Gaoges bones of men liave been found 
I digging a well at the degith of ninety feetf; but 
'er frequently shifts its course and fills up its 
■ •ncient channels, we are not called upon to suppose 
dlat these bodies are of extremely high antiquity, or 
liat they were buried when that part of the surround- 
g delta where they occur was first gained from the 

■ Fossil sheletong of men. — Several skeletons of men, I 
lore or less mutilated, have been found in tlie West 
bidies, on the north-west coast of the main land of i 
Kltiadaloupe, in a kind of rock which is known to be 
ming daily, and which consists of minute fragments 
pf shells and corals, incrusted with a calcareous cement 
Bsembling travertin, by which also the di&ereot grains I 
e bound together. The lens shows that some of the I 
meats of coral composing this stone still retain | 
^e same red colour which is seen in the reefs of living i 
oral which surround the island. The shells belong 
I species of the neighbouring sea intermixed with 
me terrestrial kinds which now live on the isknd, 
lod among them is the Bulimus Guadaloupcnsis of 
The human skeletons still retain some of 
dieir animal matter, and all their phosphate of lime. 
e of them, of which the head is wanting, may now 
seen in the Hritish Museum, and another in the 
^yal Cabinet at Paris. According to Mr. Konig^ 
! rock in which the former is inclosed is harder 



■ ToL I. p. 331. 



t Von Uoff, loU i. p. 379. 
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under the mason's satv and chisel than statuary marble. 
It is described as forming a kind of glacis, probably 
aa indurated beach, wbicb slants Irom the steep cliffs 
of tlie island to the sea, and is nearly all submerged 
at high tide- 
Similar formations are in progress in the whole of 
the West-Indian archipelago, and they liave greatly 
extended the plain of Cayes in St. Domingo, where 
fragments of vases and other human works have been 
Ibund at a depth of twenty feet. In digging wells 
also near Catania, in Sicily, tools have been discovered 
ID a rock somewhat similar. 

Suried thips, canoes, and worhs of art. — When a 
Tessel is stranded in shallow water, it usually becomes 
the nucleus of a sandbank, as has been exemplified 
in several of our harbours, and this circumstance 
tends greatly to its preservation. About fifly years 
ago, a vessel from Purbeck, laden with three hundred 
bms of stone, struck on a shoal off the entrance of 
Poole harbour and foundered; the crew were saved, 
but the vessel and cargo remain to this day at the 
bottom. Since that period the shoal at the entrance 
at' the harbour has so extended itself in a westerly 
direction towards Peveril Point in Purbeck, tliat the 
tmigable channel is thrown a mile nearer that Point.* 
The cause is obvious ; the tidal current deposits the 
sediment with which it is charged around any object 
which checks its velocity. Matter also drifted along 
His bottom is arrested by any obstacle, and accu- 
midatea round it just as the African sand-winds, before 
described, raise a small hillock over the carcasses of 
every dead camel exposed on the surface of the 

* Hiii BGCOunt I rccnved from tlie Honourable Chu. Huiik 
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I before alluded • to an ancient Dutch vessel, dis- 

Jwvered in the deserted channel of the river Rather, 

a Sussex, of which the oak wmid was much blackened, 

: its texture unchanged. The interior was filled 

h iluviatile silt, as was also the case in regard to a 

essel discovered in a former bed of the Mersey, and 

mother disinterred where the St. Katherine DockB 

ovated in the alluvial plain of the Thames. 

Q like manner many ships have been found preserved 

n modem strata, formed by the silting up of 

BEtuaries along the southern shares of the Baltic, es- 

Hcially in Pomerania. Between Bromberg and Nnkel) 

ir esample, a vesel and two anchors in a very perfect 

£ were dug up far from the sea.f 

t the mouth of a river in Nova Scotia, a schooner 

f thirty-two tons, laden with live stock, was lying with 

: side to the tide, when the bore, or tidal wave, 

rises there about ten feet in perpendictdar 

leigbt, rushed into the estuary and overturned the 

3sel, so that it instantly disappeared. After the 

e had ebbed, the schooner was so totally buried in 

1 sand, that the taSrel or upper rail of the deck 

& alone visible.^ We are informed by Leigh, that 

[ on draining Martin Meer, a lake eighteen miles in 

I circumference, in Lancashire, a bed of marl was laid 

I dry, wherein no fewer than eight canoes were found 

Liinbedded. In 6gure and dimensions they were not 

1 unlike those now used in America. In a morara 

liabout nine miles distant irom this Meer a whetstone 

(and an axe of mixed metal were dug up. § In Ayt- 



• Vol. I. p. 412. t Von HoflT, vol. i. p. 3i 

^ Silliman's Geol. Lectures, p. 78., vfho cites PeiiD. 
i Le^'i LauGBahire, p. IT.j a.d. ITOO. 



ihlre also, three canoes were fouud in Loch Dooul 
lOme few years ago; and during the year ISSl fourl 
oLhers, each hewn out ol' separate oak trees. I'hejT'l 
trere twenty-three feet in length, two and a half ii 
depth, and neiirly four feet in breath at the aterr 
tie mud which filled one of them was found i 
dub of oak and a stone battle-axe. A canoe ( 
was also found in 18120, in peat overlying the shelUl 
marl of the Loch of Kinnordy in Forfarshire.* 

Mimner in rcli'ich ships may bepreserved in a de^ si 
—It is extremely possible that the submerged woodJ 
TCrk of ships which have sunk where the sea is twal 
w three miles deep has undergone greater chemicafB 
changes in an equal space of time, than in the cases! 
ibore mentioned; for the experiments of Scoresb^l 
>W that wood may at certain depths be impregnated! 
10 1 single hour with salt.water, so tliat its specific] 
gravity is entirely altered. It may often happen that¥ 
liot springs charged with carbonate of lime, silex, and I 
ttbec mineral ingredients, may issue at great depths, I 
ian-hich case every pore of the vegetable tissue may 1 
k injected with the lapidifying liquid, whether cal- " 
Orecus or siliceous, before the smallest decay com- I 
nences. The conversion also of wood into lignite is I 
[vidiBbly more rapid under enormous pressure. But.1 
tile change of the timber into lignite or coal would j 
«t prevent the original form of a ship from bein^,1 
^tingULshed, for as we find in strata of the carbo- -I 
nileious era the bark of the hollow reed-like tree* I 
Wiverted into coal, and the central cavity filled with 1 
■udstone, so might we trace the outline of a ship in A 
Ml I while in tl)e indurated mud, sandstone, or lime- \ 



* Geol. Trans., second si 
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ie, filling the interior, we might discover instru- 
nents of human art, ballast consisling of roclca 
ign to the rest of the stratum, and other conteots 
I flf the ship. 

Subniergai metallic substances, — Many of the me- 
t tallic substances which fall into the waters prob^ly 
I lose, in the course of ages, the forms artificially Im- 
f parted to them ; but under certain circumEtances 
I these may be preserved for indefinite periods. The 
[ cannon inclosed in a calcareous rock, drawn up froni 
I the delta of the Rhone, which is now in the museun^ 
rat Montpellier, might probably have endured as longp 
i the calcareous matrix ; but even if the metallic=i 
latter had been removed, and had entered into new^ 
I cMtmbinations, still a mould of its original shape woulA 
[. have been left, corresponding to those impresBioDs o^ 
V Bhells which we see in rocks, from which all the car— 
rlwnate of lime has been subtracted. About the year 
rl776, says Mr. King, some fishermen, sweeping for i 
I anchors in the Gull stream (a part of the sea near the \ 
I Downs), drew up a very curious old swivel gun, near ' 
eight feet in length. The barrel, which was aboat ' 
I five feet long, was of brass ; but the handle by whicli 
I it was traversed was about three feet in length, and 
I the swivel and pivot on which it turned were of iron. 
( Around these latter were formed incrustations of sand 
[iCtrnverted into a kind of stone, of an exceeding strong 
I texture and firmness; whereas round the barrel of 
f tile gun, except where it was near adjoining to the i 
I, there was no such incrustation, the greater part { 
Lof it being clean, and in good condition, just as if it I 
L had still continued in use. In the incrusting atone,., 
h adhering to it on the outside, were a number of shells 
Fand corallines, "just as they are often found ii 
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state." These were all 80 strongly attached, that il 
required as much force to separate them from thi 
matris " as to break a fragment off any hard rock." 

In the year 1745, continues the same writer, 
Fox man-of-war was stranded on tlie coast ol' EfU 
Lotfaiao, and went to pieces. About thirty-thrti 
years afterwards a violent storm laid bare a part 4 
the wreck, and threw up near the place several mai 
" consisting of iron, ropes, and balls," covered i 
o'ith ochreous sand, concreted and hardened i 
Vind of stone. The substance of the rope was 
little altered. The consolidated sand retained pi 
"npressioQS of parts of an iron ring, "just ai 
pressions of extraneous fossil bodies are found j 
Various kinds of strata."f 

After a storm, in the year 1824', which o 
a considerable shifting of the sands near St. Andrew' 
in Scotland, a gun-barrel of ancient construction n 
found, which is conjectured to have belonged ti 
thewrecked vessels of the Spanish Armada. Il 
in the museum of the Antiquarian Society of Scotlai 
i is incrusted over by a thin coating of s 
IBS of which are cemented by brown ferruginoti 
r. Attached to this coating are fragments ( 
a shells, as of the common eardium, mya, &c. 
Many other examples are recorded of iron ii 
ments taken up from the bed of the sea near the £ 
coasts, incased by a thick coating of conglomera 
caBBisting of pebbles and gand, cemented by oxi 
of iron. 

Dr. Davy describes, in the Philosophical TraB 
actions^:, a bronze helmet, of the antique Grec 

• Phil. Trans., 1779. t Ibid., vol. Uix., 

i 1S36, partii. p. 55. 
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fbrm, taken up in 1825, from a shallow part of the aea 
between the citadel of Corfu and the village of Cas- 
trades. Both the interior and exterior of the helmet 

■e partially incrusted with shells, and a deposit of 
carbonate of lime. The surfece generally, both undef 
the incrustation, and where freed from it, was of a 
variegated colour, mottled with spots of green, dirif 

te, and red. On minute inspection with alenB,t)ie 
green and red patches proved to consist of crystals of 
the red oude and carbonate of copper, and the dirtf 
vhite chiefly of oxide of tin. 

The miaeralizing process, says Dr. Davy, which hn 
produced these new combinations, has, in genenl, 
penetrated very little into the substance of the helmet. 
The incrustation and rust removed, the metal is found 
bright beoeatli ; in some places considerably corroded, 
n others very slightly. It proves, on analysis, to be 
copper, alloyed with 18'S per cent, of tin. Its colour 
is that of our common brass, and it possesses a con- 
siderable degree of flexibility. 

"It is a curious question," he adds, "how the crji- 
tals were formed in the helmet, and on the adhering 
calcareous deposit. Tliere being no reason to suppose 

losition from solution, are we not under the nece^ 
sity of inferring, that the mineralizing process depeodl 

a small motion and separation of the particles of 
the original compound ? This motion may have beea 
due to the operation of electro-chemical powers whicb 
may have separated the different metals of the alloy. 



Effects of the SvhsideTux of Land, i 

and ForesU i 



1 imbedding Ciiia 
StraUi. 

We have hitherto considered tiie transportation o 
DlEintG and animals from the land by aqueous ageoti 
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and their inhumation in lacustrine or subraarine de- 
posits, and we may now inquire what tendency the 
subsidence of tracts of land by earthquakes may have 
to produce analognus effects. Several examples of 
the sinking down of buildings, and portions of towns 
near the shore, to various depths beneath the level of 
the sea during subterranean movements, were before 
enumerated in treating of the changes brought about 
1^ morganic causes. The events alluded to were 
comprised within a brief portion of the historical 
period, and confined to a small number of the regions 
«f active volcanns. Yet these authentic facts, relating 
merely to the last century and a half, gave indications 
of considerable changes in the physical geography of 
the globe. If, durmg the earthquake of Jamaica, in 
1692, some of the houses in Port Royal subsided, 
together with the ground they stood upon, to the 
depth of twenty-four, thirty-six, and forty-eight I'eet 
under water, we are not to suppose that this was the 
only spot throughout the whole range of the coasts of 
that island, or the bed of the surrounding sea, which 
suffered similar depressions. If the quay at Lisbon 
sunk at once to the depth of several hundred feet in 
1755, we must not imagine that this was the only 
point on the shores of the peninsula where similar 
phenomena might have been witnessed. 

If, during the short period since South America has 
been colonized by Europeans, we have proof of alter- 
atjone of level at the three principal ports on the 
western shores, Callao, Valparaiso, and Conception', 
we cannot for a moment suspect that these cities, so 
mt from each other, have been selected as the 



Sec Vol. II. pp. 176. 243. 246. 
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uliar pointB where the desolating power of the 

rthqualte has expended its chief fury. " It would 

B knowing arrow ttiat could choose out the brave 

n from the cowards," retorted the young Spartan, 

en asked if his comrades who had fallen on the 

kid of battle were braver than he and his fellow-pri- 

■B ; we might, in the same manner, remark that a 

>gJEt must attribute no small discrimination and 

fnity to the subterranean force, if he should sup- 

Bse it to spare habitually a line of coast many thou- 

md miles in length, with the exception of those few 

MtB where populous towns have been erected. On 

isidcring how small is tlie area occupied by the Bea- 

3 of this disturbed region, — points where alone 

sch slight change of the relative level of the sea and 

md can be recognized, and reflecting on the proofs 

inssession, of the local revolutions that have 

Uppened on the site of each port, within the last cen- 

ury and a half, — our conceptions must be greatly 

atalted respecting the magnitude of the alterations 

icli the country between the Andes and the sea 

y have undergone, even in the course of the last 

E thousand years. 

Cutch earthquahe. — The manner in which a lu;ge 

ixtent of surface may be submerged, so that the ter- 

hrestrial plants and animals may be imbedded in gub- 

ueous strata, cannot be better illustrated than by 

e earthquake of Cutch, in 1819, before alluded to." 

t is stated, that, for some years after that earthquake, 

I tbc withered tamarisks and other shrubs protruded 

Vitheir tops above the waves, in parts of the lagoon 

brmed by subsidence, on the site of the village of 

• Vo1.il p. 183. 
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Sindree and its environs; but nliei the flood of 1826 
they were seen no longer. Every geologist will at 
once perceive, thiit forests sunk by such subterranean 
movements may become imbedded in subaqueous 
deposits, both fluviatilc and marine, and the trees may 
still remain erect, or sometimes the roots and part of 
the trunks may continue in their original position, 
while the current may have broken off, or levelled 
with the ground, their upper stems and branches. 

Submarine forests. — But, although a certain class 
of geoli^ical phenomena may be referred to the repe- 
ti^on of such catastrophes, we must hesitate before we 
call in to our aid the action of earthquakes, to explain 
irtiat have been termed submarine forests, observed at 
TSrious points around the shores of Great Britain. I 
h&ve already hiuted, that the explanation of some of 
these may be sought in the encroachments of the 
sea, in estuaries, and the varying level of the tides, at 
distant periods, on the same parts of our coast.* 
After examining, in 1629, the so-called submarine 
forest of Happisborough, in Norfolk, I found that it 
was nothing more than a tertiary lignite ; which 
becomes exposed in the bed of the sea as soon as the 
waves sweep away the superincumbent strata of blue- 
i^ clay> So great has been the advance of the sea 
upon our eastern shores, within the last eight centu- 
ries, that whenever we find a mass of submerged 
timber near the sea-side, or at the foot of the existing 
cliffs, which we cannot suppose to be a mere accu- 
mulation of drift vegetable matter, we should endea- 
vour to find a solution of the problem, by reference to 

bcause rather than an earthquake. For we c 
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Kearcely doubt that the present outline of our coast, 
HAe shape of its estuaries, and the tbrmation of its 
Bdifl'Si are of verj* modern date, probably within the 
BUfltorical era, whereas vre have no reason whatever to 
Btaagine that this part of Europe has been agitated by 
Subterranean convulfiiona, capable of ahering the rela- 
Hfve level of land and sea, at so recent a period. 
W In Scotland. — It has been observed, by Dr. Fleming, 
H^t the routs of the trees, in several suhtnarine forests 
nn Scotland, are in lacustrine silt. The stumps of the 
■ ttees evidently occupy the position in whicli ihey for- 
B-iUerly grew, and are sometimes from eight to ten feet 
Bbelow high-water mark. The horizoDtalJty of die 
Ktoata, and other circumstances, preclude the sup- 
Hosition of a slide ; and the countries in question have 
Burn, from time immemorial, free from violent earth- 
■Bbakes. which might have produced subsidences. He 
Bas, therefore, attributed the depression, with much 
Hrobability, to the drainage of peaty soil, on the 
Bemoval of a seaward barrier. Suppose a lake, separ- 
^ued from the sea by a chain of sand hills, to become 
B marsh, and a stratum of vegetable matter to be 
Bbrmed on the surfuce, of sufficient density to support 
nrees. Let the outlet of the marsh be elevated a few 
■Ret only above the rise of the tide. All the strata 
Below the level of the outlet would be kept constantly 
BNt, or in a semifluid state ; but if the tides rise in 
■tie estuary, and the sea encroaches, portions of the 
Hained lands are swept away, and the extremities of 
Bbb alluvial and peaty strata, whereon the forest grew, 
Be exposed to the sea, and at every ebb tide left dry 
|B a depth equal to the increased fall of the tide. 
Bluch water, formerly prevented from escaping, now 
Hues out from the moist beds, — the strata collapse, 
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surface of the morass, instead of remaining ni 
ita original height, sinks below the level of the sea." 

Submnrine fareit on coast of Hants., how formed. — 
Mr, Charles Harris discovered lately evident traces 
of a fir wood, beneath the mean level of the sea, 
U Bournniouth, in Hatnpsliirc, the formation having 
Ixfcn laid open during a low spring tide. ' It is 
composed of pent and wood, and is sitnuted be- 
tween the beach and a bar of sand about two 
nuDitred yards off, and extends fifly yards along the 
«bore. It also lies in the direct line of the Bourn- 
mouth Valley, from the termination of which it is 
separated by two hundred yards of shingle and drift- 
Band. Down the valley Gowa a large brook, traversing 
near its mouth a considerable tract of rough, boggy, 
Bud heathy ground, which produces a few birch trees, 
■ad a great abundance of the Myrica gale. Seventy- 
■ta rings of annual growth were counted in a trans- 
VttM section of one of the buried fir trees, which was 
fourteen inches in diameter. Besides the stumps and 
roots of fir, pieces of alder and birch are found in the 
|»cftt; and it is a curious fact, that a part of many of 
tbe trees lias been converted into iron pyrites. The 
fkcBt rests on pebbly strata, precisely similar to the 
-■■ikI and pebbles occurring on the adjoining heaths. 

As the sea is encroaching on this shore, we may 
•Uppose that at some former period the Bourne 
Vriley extended farther, and that its extremity con- 
futed, as at present, of boggy ground, partly clothed 
with fir trees. The bog rested on that bed of pebbles 
which we now see below the peat ; and the sea, in 
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■its progressive encroachments, eventually laid bare, 
Xit low water, the saiidy foundations ; upon which 
la Btream of freah water rushing through the sand at 
■ fall of the tides, carried out loose sand with it. 
e superstratum of vegetable matter being matted 
1 bouud together by the roots of trees, remained ; 
: being undermined, sunk down below the level 
the sea, and then the waves washed sand and 
ngle over it. In support of this hypothesis, it may 
■ observed, that small streams of fresh water often 
g under the sands of the sea-beach, so that they 
nay be crossed dry-shod ; and the water is seen, 
e point where it issues, to carry out sand, and even 
^bbles. 
Suildings Jiow preserved under water, — Some of the 
!ngs which have at difiereut times subsided be- 
. the level of the sea have been immediately 
(covered up to a certain extent with strata of volcanic 
platter showered down upon them. Such was the 
e at Tomboro in Sumbawa, in the present centurvi 
e site of the Temple of Serapis, in the envi- 
I of Puzzuoli, probably in the twelfth century. 
!lie entrance of a river charged with sediment in the 
bicinity may slill more frequently occasion the rapid 
invelopmeiit of buildings in regularly stratified form- 
But if no foreign matter be introduced, the 
[buildings ivlien once removed to a depth where the 
tctiou of the waves is insensible, and where no great 
urrent happens to flow, may last for indefinite periods, 
[i be as durable as the floor of the ocean itself, which 
Y often be composed of the very same materialB. 
no reason to doubt the tradition mentioned 
lassie writers, that the submerged Grecian 
B of Burn and Helice were seen under water ; and 
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1 HID informed by an eye-witness tliat eighty-e 
yeurs after the coDvulsioti of 1692, the houses of 
lloja! were still visible at the bottom of the sea." 

Berkla/'s aTffuments/or the recent dait of the . 
sfmon. — I cannot conclude this chapter without t 
ailing to the reader's mind a memorable passag 
written by Berkley a century ago, in wliich he inferred 
Ofl grounds which may be termed strictly geological, 
the recent dale of the creation of man. " To any one," 
siyshe, " who considers [list on digging into the earth, 
«uch quantities of shells, and in some places bones and 
Wns of animals, are found sound and entire, after 
having lain there in all probability some thousands of 
years ; it should seem probable that fjuns, nieilals, and 
inplements in metal or stone might have lasted entire, 
buried under ground forty orlit^y thousand years, if 
the world had been so old. How comes it then to 
piss that no remains are found, no antiquities of those 
numerous ages preceding the Scripture accounts of 
time; that no fragments of buildings, no public monu- 
nenCs, no intnglias, cameos, statues, bsisso-relievosi 
medals, inscriptions, utensils, or artificial works of any 
kind, are ever discovered, which may bear testimony 
to the existence of those mighty empires, those suc- 
CGBsions of monarchs, heroes, and dcmi-gods, tor so 
many thousand years ? Let us look forward and sup- 
fme ten or twenty thousand years to come, during 

• Admiral Sit Charles Hamillon frequently saw the submerged 
taiaea of Port Royal in ihe year 1 7S0, in tlial part of the harbour J 
•tich ties between the (own and the usual ancbonge of men- 
U'-wu. Bryan Edwards alui says, in his Ilialor; of the Wes 
In^n, (vol, i. p, 335., Bct. od., 3 vols. 1801,) that in 1793 tb 
: visible in clear weather from the bouts which sailei 



t tj^ were visible ii 
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:h time we will suppose ihat plagues, 

i, and earthqiiaket shall have made great havoc ii 

e world, is it not highly probable that at the end of 

a period, pillars, vases, and statues now in being 

If granite, or porphyry, or jasper, (stones of such hard- 

as we know them to have lasted two thousand 

s above ground, without any considerable altera- 

0,) would bear record of these and past ages? Or 

it some of our current coins might then be dug up, 

! old walls and the foundations of buildings show 

mselves, as well as the shells and stones of Ale 

meval world, which are preserved down to our 

les,"* 

[ That many signs of the agency of man would have 

t least as long as " ttie shells of the primeval 

rorld," had our race been so ancient, we may feel as 

iBy persuaded as Berkley ; and we may anticipate 

h confidence that many edifices and implements of 

nan workmanship, and the skeletons of men, and 

s of the human form, will continue to exist when 

:at part of the present mountains, continents, and 

have disappeared. Assuming the future duration 

c planet to be indefinitely protracted, we can fore- 

lo limit to the perpetuation of some of the memo- 

of man, which are continually entombed in the 

bowels of the earth or in the bed of the ocean, unless 

e carry forward our views to a period sufficient to 

jllow the various causes of change, both igneous and 

;ous, to remodel more than once the entire crust 

le earth. One complete revolution will be inade. 

e to efface every monument of our existence ; for 

y works of art might enter again and again into 






sopher, 
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tbe formation of successive eras, and escape oblitera- 
tion even though the very rocks in which they had 
been for ages imbedded were destroyed, just as pebbles 
included in the conglomerates of one epoch often con- 
tain the organized remains of beings which flourished 
during a prior era. 

Yet it is no less true, as a late distinguished philo- 
sopher has declared, << that none of the works of a 
mortal being can be eternal." * They are in the first 
place wrested from the hands of man, and lost as far 
as re^rds their subserviency to his use, by the instru- 
mentality of those very causes which place them in 
situations where they are enabled to endure for inde- 
&iite periods. And even when they have been in- 
cluded in rocky strata, when they have been made to 
enter as it were into the solid framework of the globe 
itself, they must nevertheless eventually perish, for 
every year some portion of the earth's crust is shat- 
tered by earthquakes or melted by volcanic fire, or 
ground to dust by the moving waters on the surface. 
" The river of Lethe," as Bacon eloquently remarks, 
" runneth as well above ground as below." f 

• Davy, Consolations in Travel, p. 276. 
t Essay on the Vicissitude of Things. 
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»Q of fresh-water plants and •nimals — Shell marl — 
Fassiliied teed-vessels and slums of Cliara — Recvnl deposit 
in the American lakeii — Fresh-BRter species drilled into aeas 
md Hliiiries— Lewes leieb_ Altrmations of marine and - 
fresl>- water strata, how caused — Imbrdding of marine plaiii> 
and animals — Cetarea Etranded on our shores — Liability (rf 
littoral aad estuary leiitacira to Ije swept into tJic deep sea"* 
Effects of a storm in the Finh of Forth — Burrowing shells 
iecured from the ordinary action of waves and currtiits — Lin- 
ing tesiacpa found bI consideraljle depths — Ement of son" 
recent shellj deposits. 

[^Haviso treated of the imbedding of terrestrial plants 
d Bnimals, and of liumaD remaitis, in deposits ao^' 
forming beneath the waters, I come next to cont^idC 
ti what manner aquatic species may be entombed »^ 
rata formed in their own element. 
Fresh-ieater plants and animals. — The remains of 
s belonging to those genera of the animal an^ 
I V^etable kingdoms which are more or less exclusively 
P confined to fresh-water are for the most part preserve*! 
pin the beds of lakes or estuaries, but they are often' 
B swept down by rivers into the sea, and there 
iotermingled with the exuvise of marine races. The | 
rfienomena attending their inhumation in lacustrine 
leposits are sometimes revealed to our observation by 
e drainage of small lakes, such as are those in Scot- 
md, which have been laid dry for the sake of obtain- 
g shell marl for agricultural uses. 
n these recent formations, as seen in Forfarshire, 
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tVD or thri't! IiciIh of calcnreouH marl aro Bometin»| 
utnerved »eparatcd IVotn euch othur by layers of drii 
fiitt, land, or fissile cliiy. Tliu niurl ot>ci) consUtj 
llnuMt entirely of nn iiggri');ntv of bIiuIIs of tlic gcn« 
iimnuti, plimorb»> vnlvutu, und cyclusi uf siiucioit nol 
ixiiling in Scntliitid. A ennsidurublu propDrtioii of U 
leitacea ujipeur to hnvo died very young, oiid few A 
the ahclla OTu uf a size which indicatoa their haW] 
UUined a stnte of maturity. Tho slivlls are sometlm 
Utirely decomposed, forming a pulverulent 
Mmctimes in a state of {(ood preservation. They s 
fbquently intermixed with stems of chnrie and otb) 
l^uatlc vc((etablesi the whole being matted togetU 
Mid compressed, forming liiminct- ahcn us thin I 
ptpcr. 

PofiilixKd xnnl-vesurU anil ^fcnw o/' Cham. • 
chara is un U([uiitie plunL. whleli uecurti freijuentB 
Ibllil in fornmtions of different eras, and is 
BiQcli importance to the geologist in duintcCeriiiing ■ 
li?e groups of dtrutn, [ sliull describe the manner a 
vKich [ have found tlie recent Bpi'cies in n petrifl) 
Kite. They occur in a miirl-liikc in Forfttrshire, 
tlosod in nodules, and sometimes in a eontinut 
Rntum of a kind of travertin. 

The tccd-vesRel of these plants is remarkably toui 
Wd hnril. und consists of a mi!mbraiioiis nut covered k 
M iiitcgmnent (fig. d, dingram No. ii.), both of whld 
In spirally striated or ribbed. 'I1ie iutegumentl 
i>oinposo<l of (ivo spiral vulvcs. of a <|uadrangular fotl 
(flg.S). In Chant hinpida, which abounds in the izk 
of Forfuriliirc, and which has become fossil in t 
Dnkie I>och, ench of the spiral valves of the SM 
^Wel turnit rather more than twice round the c~ 
f^irence, tlie whole together making between ten B 
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. Part of tiie Blem wilh the wed^veffiel mtachcd. 
k Natural size of the liced-ycssel. 
f Integument of the CyrogoDite, or petrified seed-ve)sel of Chun 
hispida, found in tlie Scotch mart-lakes. Mngiiilied. 
Section showing the nut within the integumenr. 
j! Lower end of the integument to which the sl«m was attached. 
i Upper end of the integument to which the stigmata were 



the Scotch marl 
! species, as in CAara 
I contains so much car- 
a its vegetable organization, independ- 
r of calcareous incrustation, that it effervesce* 
with acids when dried. Tlie stems of CAara 
re longitudinally striated, with a tendency to 
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be spiral. The; 



o be tile casewidj 



, is appears t 

all cliarce, turn always like the worm of a screw I 
fight to left, wbile those of the seed-vessel wind re 
in B contrary direction. A cross section of the f . 
exhibits a curious structure, for it is cooiposed of I 
large tube surrounded by smaller tubes (diagram No.4 
fige. b, £'), as is seen in some extinct as well as receL 
ipecies. In the stems of several species, howeVM 
tbere is only a single tube.* 




[SIO 

The valves of a small animai called cypris (C. omata, 
Wjjam.) occur completely fossilized like the stems of 
in the Scotch travertin above mentioned. This 
inhabits the Inkes and ponds of EiiglaDd, where 
B not uncommon. Species of the same genus also 
ur abundantly in ancient fresh-water formations. 
ItecetU deposits in Nortii American lakes, — The re- 
cent strata of lacustrine origin above alluded to are 
Kof very small extent, but analogous deposits on the 
mdest scale are forming in the great lakes of North 
merica. By the subsidence of the waters of Lakes 
luperior and Huron, occasioned probably by the par- 
1 destruction of their barriers at some unknown 
■period, beds of sand 150 feet thick are exposed, below 
which are seen beds of clay, inclosing shells of the very 
s which now inhabit the lake.* 
But no careful examination appears as yet to have 
leen made of recent fresh-water formations within the 
), where the waters teem with life, and where in 
■ the bed of a newly-drained lake the remains of the 
f flUigator, crocodile, tortoise, and perhaps some lat^ 
I fish, might be discovered. 

\g of fresh-water Species in Estuary cmd Marine 



In Lewes lecels. — We have sometimes an opportunity 
f examining the deposits which within the historical 
eriod have silted up some of our estuaries ; and ex- 
cavations made for wells and other purposes, where 
has been finally excluded, enable us to observe 
e state of the organic remains in these tracts. The 
telley of the Ouze between Newhaven and Lewes is 

• Dr. Bigsbj, Journnl of Science, &c. No. iiivii. pp, 26% 
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one of several cgtuariea from whicli tlie sea has retired 
within the last seven or eight centuries ; and here, as ap- 
pears irom the researches of Mr. Mantell, strata thirty 
feet and upwards in thickness Iiavc accumulated. At the 
top, beneath the vegetable soil, is a bed of peat about 
five feet tliick, inclosing many trunks of trees. Next 
below is a stratum of blue chiy containing fresh-water 
shells of about nine species, such as now inhabit the 
district. Intermixed witli these was observed the 
skeleton of a deer. Lower down, the layers of blue 
clay contain, with the above-mentioned frcsb-water 
shells, several marine species well known on our coast, 
In the lowest beds, often at the depth of thirty-six feet, 
these marine testacea occur without the slightest inter- 
mixture of iluviatiie species, and amongst them the 
skull ofthenarwal, or sea-unicora(Jl[/bn«£3nnio»ooeros), 
lias been detected. Underneath all these deposits is 
■ bed of pipe-clay, derived from the subjacent chalk.* 

If we liad no historical in formation respecting the 
former existence of an inlet ef the sea in this valley, 
Bnd of its gradual obliteration, the inspection of the 
'ection above described would show, as clearly as a 
written chronicle, the following seiiuence of events- 
Km, there was a salt-water estuary peopled for many 
Jeats by species of marine testacea identical with those 
now living, and into which some of the larger cetacea 
Occasionally entered. Secondly, the inlet grew shal- 
Wer, and the water became brackish, or alternately 
»alt and fresh, so that the remains of fresh-water and 
miirine shells were mingled in the blue argillaceous 
■«diment of its bottom. Thirdly, the shoaling continued 

• ManHill, Geol. of Susaei, p. !2B5. ; nlwi Catalogui. of C 
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L Qntil the river-water prevailed, go that it was no longer 

L habitable by marine testacea, but fitted only for the 

■'Obode of fluviatile species and aquatic insects. Fourthly, 

y swamp or morass was formed where some trees 

or perhaps were drifted duriog floods, and where 

restrial quadrupeds were mired. Finally, the soil 

; only flooded by the river at distant intervals, 

a verdatit meadow. 

In delta of Ganges. — It was before stated*, that on 

Kllie sea-coast, in the delta of the Ganges, there are eig^t 

Kipeat openings, each of which has evidently, at some 

T ancient periods, served in its turn as the principal chan- 

il of discharge. Now, as the base of the delta iatwti 

utdred miles in length, it must happen that, as often 

e great volume of river-water is thrown into the 

a by a new mouth, the sea will at one point be con- 

rted from salt to fresh, and at another from fresh to 

It ; for, with the exception of those parts where the 

principal discharge takes place, the salt-water not only 

es the base of the delta, but enters far into every 

E and lagoon. It is evident, then, that repeated 

^ternations of beds containing fresh-water shells, with 

s filled with corals and marine exuvife, may here 

Pbe formed, and each series may be of great thickness, 

on which the Gangelic delta gains is of wm- 

jriderable depth, and intervals of centuries elapae 

each alteration in the course of the principal 



In delta of Indus. — Analogous phenomena must 

^■onietimes be occasioned by such alternate elevation 

^d depression of the lund as was shown to be taking 

"tee in the delta of the Indus. \ But the subterranean 
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ivecnents alfect but a small number of the deltas 
/brmed at one period on the globe ; whereas, the Bill- 
ing up of some of the arms of great rivers and the 
opening of others, and the consequent variation of the 
points where the chief volume of their waters is dis- 
cliarged into the sea, are phenomena common to almost 
every delta. 

The variety of species of testacea contained in the 
recent calcareous marl of Scotland, before mentioned, 
is very small, but the abundance of individuals ex- 
tremely great, a circumstance very characteristic of 
fresh-water formations in general as compared to 
noBrine ; for in the latter, as is seen on sea-beaches, 
coral reefs, or in the bottom of seas examined by 
dredging, wherever the individual shells are exceed- 
ingly numerous, there rarely fails to be a vast variety 
of species. 
Jmixdding of t/ie Remains of Mariiie Plants and 
Animals. 
Marine plants, — The targe banks of drift sea-weed 
^vhich occur on each side of the equator in the Atlantic, 
l^ific, and Indian oceans were before alluded to.* 
"Xhese, when they subside, may often produce consider- 
able beds of vegetable matter. In Holland, submarine 
I»eat is derived from fuci, and on parts of our own coast 
4rora Zostera niarina. In places where alga; do not ge- 
nerate peat, they may nevertheless leave traces of their 
form imprinted on argillaceous and calcareous mud, as 
tfcey are usually very tough in their texture. 

Cttacea, — It is not uncommon for the larger cetacea, 
winch can only float in a considerable depth of water, 
t*)be carried during storms or high [idea into estuaries, 
orupou low shores, where, upon the retiring of high 

■ Vol. II. p. 142. 
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toater, they are stranded. Tims a namal {Monodon 
os) was found on the beach near Boston in 
olnshire, ii\ the year 1800, tlii; whole of its body 
juried in the mud. A fisherman going to his boat saw 
'Sae horn and tried to pull it out, when the animal be- 
to stir itself." An individual of the common 
; (^JBaltejia mi/slicctus), whicli measured seventy 
came ashore near Peterhead, in 1682. Many in- 
Bividuals of the genus Galienoptera have met tlie same 
Aite. It will be sufficient to refer to those cast on shore 
r Burnt Island, and at Alloa, recorded by Sibbald 
iud Neill. Tlie other individual mentioned by Sibbald, 
B having come ashore at Boyne, in Banffshire, was 
robably a Razor-back. Of the genus Catodon (d- 
•lof) Uay mentions a large one stranded on the west 
if Holland in 1598, and the fact is also comme- 
niorated in a Dutch engraving of the time of much 
merit. Sibbald, too, records that a herd of Cacha* 
KlotB, upwards of one hundred in number, were found 
stranded at Kairston, in Orkney. The dead bodies of 
the larger cetacea are somttimes found floating on 
the surface of the waters, as was the case with the 
immense whale exhibited in London in 1831. And 
the carcass of a sea-cow or Lamantine (Halicora) was, 
in 1785, cast ashore near Leith, 

To some accident of this kind, we may refer the 
position of the skeleton of a whale seventy-three feet 
long, which was found at Airthrey, on the Forth, near 
Alloa, imbedded in clay twenty feet higher than the 
surface of the highest tide of the river Forth at llie 
present day. From the situation of the Roman sia- 
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tion and causeways at a small distance from the spot, 
it is concluded that the whale must have been stranded 
there at a period prior to the Cliristian era.* 

Other fossil remains of this class have also been 
foDnd in estuaries, known to have been silted up in 
recent times, one example of which has been already 
meotioned near Lewes, in Sussex. 

Marine Testacea. — The aquatic animals and plants 
wiich inhabit an estuary are liable, like the trees and 
iand animals which people the alluvial plains of a great 
ri?er, to be swept from time to time far into the deep. 
For as a river is perpetually shifting its course, and un- 
dermining a portion of its banks with the forests which 
cover them, so the marine current alters its dii-ection 
from time to time, and bears away the banks of Band 
and mud, against which it turns its force. These banks 
may consist in great measure of shells peculiar to sha!- 
lo(r, and sometimes brackish water, which may have 
been accumulating for centuries, until at length they 
are carried away and spread out along the bottom of 
liie sea, at a depth at which they could not have lived 
and multiplied. Thus littoral and estuary sliells are 
more frequently liable even than fresh'Water species, 
to be intermixed with the exuviie of pelagic tribes. 

After the storm of February 4. 18S1, when several 
vessels were wrecked in the estuary of the Forth, the 
rent was directed against a bed of oysters with such 
force, that great lieaps of them were throvrn alive upon 
the beach, and remained above high-water mark. I 
collected many of these oysters, as also the common 
eatable whelks (huccina), thrown up with them, and 
observed that, although still living, their shells were 
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worn by the long attrition of saDd which had passed 
ever theiu as they lay in their native bed, and which 
Lbad evidently not resulted from the mere action of the 
ft tempest by which they were cast ashore. 

From these facts we learn that the union of the two 
I ports of a bivalve shell does not prove that it has not 
1 transported to a distance; and when we find 
l^ells worn, and with all their prominent parts rubbed 
■off, they may still have been imbedded where they 

Burrweing shelU. — It somttimes appears extra- 

I ordinary, when we observe the violence of the breakers 

n our coast, and see the strength of the current in 

I removing cliffs, and sweeping out new channels, that 

L many tender and fragile shells ghould inhabit the sea 

|iil the immediate vicinity of this turmoil. But a great 

ijliunber of the bivalve testacea, and many also of the 

urbinated univalves, burrow in sand or mud. The 

n and the cardium, for example, which are usually 

fcund in shallow water near the shore, pierce through 

II Boft bottom without injury to their shells ; and the 

iholas can drill a cavity through mud of considerable 

ardness. The species of ihese and many other tribes 

sink, when alarmed, with considerable rapidity, 

a to the depth of several feet, and can also pene- 

rate upwards again to the surface, if a mass of matter 

e heaped upon them. The hurricane, therefore, may 

Hcpend its fury in vain, and may sweep away even the 

jper part of banks of sand or mud, or may roll peb- 

' them, and yet these testacea may remain 

tiow secure and uninjured. 

Shells become fossil at considerable depths. — I have 

tbeody stated that, at the depth of 950 fathnms, be- 

ten Gibraltar and Ceuta, Captain Smyth found ■ 
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gravelly bottom, with fragments of broken Elielli 
carried thither probably from the comparatively sbal- 
iaipsrtB of the neighbouring straits, through which 
QowB. Beds of shelly sand might 
in the course of ages, be accumulated several 
id feet thick. But, without the aid of the 
power of a current, shells may accumulate ia J 
where they live and die, at great depths from I 

■urface, if sediment be thrown down upon them ( 
for, even in our own colder latitudes, the depths at 
which living marine animals abound is very consider- 
tble. Captain Vidal ascertained, by soundings lateljr I 
fflsde off Tory island, on the north-west coast of Ire- - 
land, that Crustacea, star-fish, and testacea, occurred 
at various depths between fifty and one hundred fa- 
thoms: and he drew up dentalia from the mud of] 
Galway bay in 230 and 2iOfatkomg water. 

The same hydrographer discovered on the RockaU I 
lionk large quantities of shells at depths varying from 1 
45 to 190 fathoms. These shells were for the moat 1 
part pulverized, and evidently recent, as they retained J 
tfaeir bright colours. In the same region a bed of] 
fidi-bonea was observed extending for two miles aloi^ f 
tiie bottom of the sea in eighty and ninety fathomiw 
vater. At the eastern extremity also of Rockall bank ' 
fiah-bones were met with, mingled with pieces of fresh 
ahell, at the depth of 235 fathoms. 

AduIi^ous formations are in progress in the sub- 
marine tracts extending from the Shetland Isles to 
the north of Ireland, wherevef soundings can be pro- 
cured. A continuous deposit of sand and mud, replete 
with broken and entire shells, echini, &c., has been 
meed for upwards of twenty miles to the eastward 
of the Faroe Islands, usually at the depth of from fottij 



218 IMBEDDINO OP UARINE TESrACEA. [loitill' 

to one hundred fathoms. In one part of this trad 
(long. C°30', lat. 61° Sff) fiflh-bones occur in extra- 
ordinary profusion, so that the lead cannot be drawn 
up without some vertebrae being attached. This "booe 
bed," Bsitwaa culled byour surveyors, is three milea and 
a half in length, and forty-five fathoms under tvater, and | 
contains a few Ghella intermingled with the bones. 

In the British seasi the shellE and other organic 
remains lie in soft mud or loose sand and gravel : 
whereas, in the bed of the Adriatic, Donati found 
them frequently enclosed in stone of recent origin. 
This is precisely the difference in cliaracter which ite 
might have expected to exist between the Britiab 
marine formations now in progress, and those of the 
Adriatic. For calcareous and other mineral springs 
abound in the Mediterranean and lands adjoining* 
while they are almost entirely wanting in our own 
country. 

During his survey of the west coast of AfricSr 
Captain Belcher found, by frequent soundings bettreei* 
the twenty-third ami twentieth degrees of north lali-" 
tude, that the bottom of the sea, at the depth of fro«* 
twenty to about fitly fathoms, consists of sand witt*- 
B great intermixture of shells, oflen entire, but some '' 
times finely comminuted. Between the eleventh anc^ 
ninth degress of north latitude, on the same coast, a^ 
soundings varying from twenty to about eighty fathom^^ 
he brought up abundance of corals and shells miKec^" 
with sand. These also were in some parts entire, arc^*- 
in others worn and broken. 

In all these cases, it is only necessary that tfier«si- 
should be some deposition of sedimentary mailer'-^ 
however minute, such as may be supplied by riven^^ 
^^aining a continent, or currents preying on a lin^^^ 
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of diffs, in order that stratified formations, hundreds 
of feet in thickness, and replete with organic remains, 
should result in the course of ages. 

But, although some deposits may thus extend con- 
tinuously for a thousand miles or more near certain 
coasts, the greater part of the bed of the ocean, re- 
mote from continents and islands, may very probably 
receive, at the same time, no new accessions of drift 
matter, all sediment being intercepted by intervening 
hollows. Erroneous theories in geology may be formed 
not only from overlooking the great extent of simul- 
taneous deposits now in progress, but also, from the 
assumption that such formations may be universal or 
coextensive with the bed of the ocean. * 

* See book iv. chap. 3. where this subject is discussed more fully. 
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Beefs are compoMtl parti j of shells — Conversion of a reef bio 
an iBland — Eitent and thic^kness of coral rormations — TIh 
Maldiva i^les — Ratti of gro^'th of coral ^ Its geolo^cal ini' 
porUnce — Circular and ovnl foniiB ofcornl ihlanda — LsgooM 
— Causes of their peculiar coniiguralion — Why the windnud 
dde higher than Ihc leeward — SiratJficaCiun — Eitent of hum 
rerfs — That the sub«dence hy earthquakes in I he Pacific ei- 
ceeds the delation — Henderson's Island— Coral and ibetl 
limestones now in progrebs — The hypothesis that the quantiljr 
of calcareous matter has l>cun and is still on the incteaie, con- 



^B powen of the organic creation in modifying the 

1 and structure of those parts of the earth's crust 

Vbich may be said to be undergoing regmir, or where 

T rock-lbrmations are continually in progress, are 

: conspicuously displayed in the labours of the 

ra] animals. We may compare the operation of 

iteee zoophytes in the ocean to the elFects produced 

a smaller scale upon the land, by the plants which 

enerate peat. In the case of the Sphagnum, the up- 

r part vegetates while the lower portion is entering 

a mineral mass, where the traces of organization 

in, afler that life has entirely ceased. In corals, 

ke manner, the more durable materials of the 

neration that has passed away serve as the found- 

n which living animals are continuing to rear a 

milar structure. 

In part composed of ahelU. — The calcareous n 
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usuilly termed coral reefs are by no meanB exclusively 
composed of zoophytes ; a great variety of shells, and, 
among them, some of the largest and heaviest of 
known species, contributing to augment the mass. In 
the south Pacific, great beds of oysters, mussels, pinna 
marimt, and other shells, cover in profusion almost 
every reef ; and, on the beach of coral islands, are 
the shells of echini and broken fragments of 
)UB animals. Large shools of fish are also 
lible through the clear blue water, and their 
and hard palates are probably preserved, al- 
a great portion of their soft cartilaginous bones 

'Of the numerous species of zoophytes which are 
Mgaged in the production of coral banks, some of 
the most common belong to the genera Menndrina, 
Caryophyllia, and Aslrea, but especially the Intter. 

Sow converted into hlands. — The reefs, which just 
laiic themselves above the level of the sea, are usually 
of a circular or oval form, and surrounded by a deep 
Bid often unfathomable ocean. In the centre of each, 
■here is usually a comparatively shallow lagoon, where 
titere is still water, and where the smaller and more 
delicate kind of zoophytes find a tranquil abode, 
'bile the more strong species live on the exterior 
■Urgin of the isle, where a great surf usually breaks. 
When the reef, says M. Chamisso, a naturalist who 
Moompanied Kotzcbue, is of such a height that it re- 
nins almost dry at low water, the corals leave olf 
buildmg. A continuous mass of solid stone is seen 
composed of the shells of molluscs and echini, wilh 
iheir broken-off prickles and fragments of coral, 
united by a cement of calcareous sand, produced by 
ihe pulverization of shells. Fragments of coral lime- 
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k Moae are thrown up by the waves, until the ridge 
L becomes bo high, that it is covered only during some 

■ Masons of the year by the high tides. The heat of 
I'Ae BUD oflcn penetrates the mass of stone when it ia 
miry, so that it splits in many places. The force of 
pAe waves U thereby enabled to separate and liflblocka 
I t^ coral, frequently six feet long and three or four in 
I thicknesB, and Ihrow them upon the reef, " After 
I this the calcareous sand lies undisturbed, and ofiera 
^to the seeds of trees and plants cast upon it by the 

■ Waves a soil upon which they rapidly grow, to over- 
B-ahadow its dazzling white surface. Entire trunks of 
fttrees, which are carried by the rivers from other 
■:CDuntries and islands, find here, at length, a resting 
■place after their long wanderings : with these come 

■ some small animals, such as lizards and insects, as the 
I first inhabitants. Even before the trees form a wood, 
I the sea-birds nestle here; strayed land-birds take 
I lefuge in the bushes : and, at a much later period, 
f when the work has been long since completed, man 
[appears, and builds his hut on the fruitful soil.* 

K Extent and thickness. — The Pacific ocean through- 

■ «ut a space comprehended between the thirtieth parallel 
P.pf latitude on each side of the equator, is extremely 
K' productive of coral. The Arabian gulf is rapidly 
E filling with the same, and it is said to abound in the 
KFersian gulf. Between the coast of Malabar and that 
ftof Madagascar, there is also a great sea of coraL 
m Hinders describes an unbroken reef, 350 miles id 
Kikngth, on thecastcoast of New Holland J and, between 

■ that country and New Guinea, Captain P. King found 
I; the corul formations to extend throughout a distance 
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Loo the north, as do the isles of the Chagos Archi- 
K-pelago, on the south; go that these may be continuations 
ftof the same chain of submarine mountains, crested 
Ida a similar manner by coral limestones. Possibij 
nbey may oil be the summits of volcanos ; for if Java 
Kind Sumatra were submerged, they would give rise to 
l« somewhat similar shape in the bottom of the sea ; 
■:^ce the volcanos of those islands observe a linear 
^direction, and are oflen separated from each other by 
■'intervals, corresponding to the atolls of the Maldivas ; 
I and as they rise to various heights, from five to ten 
I ibousand feet above their base, they might leave an 
I unfathomable ocean in the intermediate spaces. 
f In regard to the thickness of the masses of coral, 
I SIM. Quoy and Gaimard are of opinion, that the 
I species which contribute most actively to the formation 
I of solid masses do not grow where the water is deeper 
I than twenty-five or thirty feet. But the branched 
I madrepores, which live at considerable depth, may 
I form the first foundation of a reef, and raise a plat- 
I fbrm on which other species may build *, and the sand 
I and broken fragments washed by the waves from reeft 
I may, in time, produce calcareous rocks of great thick- 
I ness. 

I Aote of groioth of Coral. — The rapidity of the 
I grovrth of coral is by no means great, according to the 
I report of the natives to Captain Beechey. In an island 
I west of Gambier's group, our navigators observed the 
I Chama gigas (Tridacna, Lam.), while the animal was 
I yet living, so completely overgrown by coral, that a 
I Space only of ttvo inches was left for the extremi^ of 
I the shell to open and shut.f But conchologists Bop- 

ft • Jouro. of Roy. Geograph. Soc. of LondoE, 1831, p. SIS. 
^^ t Bwchej'i Vojnve to th« Puifig, Sk., p. 157. 



CUXVUU ITS GEOLOGICAL IMPORTANCE. 

I»«e Ihat the chama may require thirty years o 
la attain its full eize, so that the fact is quite comI 
liiteDl with a very slow rate of increase in the cal-T 
oreouB reefs. In the late expedition to the Facifieifl 
no positive information could be obtained of anyfl 
diaonel having been filled up within a given periodil 
and it eeeiDs established, that several reefs had r 
nained, for more than half a century, at about t 
wme depth from the surface. 

The increase of coral limestone, however, may v 
greatly, according to the sites of mineral springs ; 
these, we know, oflen issue in great numbers a 
bottom of the sea in volcanic regions; as in the Medid 
terranean, for example, where they sometime: 
Ae lea at great depths to be fresher than at the s' 
bee; a phenomenon also declared by the South Sea 
lilanderB to be common in the Pacific 

lUffeohgicalimportance. — hat, when we admit the 
ncrease of coral limestone to he slow, we are merely 
fl>eaking with relation to the periods of human observ- 
Mion. It oflen happens that parisitie testacea live and 
fie on the shells of the larger slow-moving gasteropods 
lathe South Seas, and become entirely incloaed in an 
iactustation of compact limestone; while the animal, 
to whose habitation they are attached, crawls about, 
•ad bears upon his back these shells, which may be 
CMtidered as already fossilized. It is, therefore, pro- 
bible, that the reefs increase as fast as is compatible 
•ilh the thriving state of the organic beings which 
diiefly contribute to their formation ; and, if the rate 
rf augmentation thus implied bo called, in conformity 
lo our ordinary ideas of time, gradual and slow, it does 
W>t diminish, in the least degree, the geological im- 
pwtince of such calcareous masses. 
L 5 
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Suppose the ordinary growth of coral limestone to 

amount to six inches in a century, it will then 
Ire three iliousand years to produce a reef fifteen 
thick : but have we any ground for presuming, 
at the end of that period, or of ten times thirty 
ituries, there will be a failure in the supply of lime, 
that the polyps and molluscs will cease to act, or 
It the hour of the dissolution of our planet will Brst 
the earlier geologists were fain to antj- 
iteP 
Instead of contemplating the brief annals of human 
'ents, let us turn to some natural chronometers; to 
volcanic isles of the Pacific, for example, which 
loot up ten or fifteen thousand feet above the level 
These islands bear evident marks of 
laving been produced by successive volcanic erup- 
tions; and coral reefs are sometimes found on the 
volcanic soil, reaching for some distance from the sea- 
shore into the interior. When we consider the time 
required for the accumulation of such mountain masses 
of igneous matter, according to the analogy of known 
volcanic agency, all idea of extenuating the compara- 
tive magnitude of coral limestones, on the ground of 
the slowness of the operations of lithngenous polypg, 
must instantly vanish. 

Form of Caral Islaitds. — The information collected 
during the late expedition to the Pacific, throws much 
additional light an the peculiarities of form and struc- 
ture of coral islands. Of thirty-two of these, ex- 
amined by Captain Beechey, the largest was thirty 
miles in diameter, and the smallest less than a mile> 
f various shapes, all formed of living 
il, except one, which, although of coral formation) 
:ed about eighty feet above the level of the 
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Eea, and encompassed by ft reef of living coral. All 
were increasing tlieir dimensions by the active oper- 
ations of the lithophytes, which appeared to be gra- 
dually extending and bringing the immersed parts of 
their structure to the surface. Twenty-nine of the 
number had lagoons in their centres, which had pro- 
bably existed in the others, until they wei'e filled, in 
the course of time, by zoophytic and other substances. 
(n the above-mentioned islands, the strips of dry 
coral encircling tlie lagoons, when divested of loose 
Nindy materials heaped upon them, are rarely elevated 
more than two feet above the level of the sea ; and, 
were it not for the abrupt descent of the external 
margin which causes the sea to break upon it, these 
strips would be wholly inundated. Those parts of the 
strip which are beyond the reach of the waves are no 
longer inhabited by the animals that reared them, but 
have their ceils filled with a hard calcareous substance, 
and present a brown rugged appearance. The parts 
which are still immersed, or which are only dry at low 
water, are intersected by small channels, and are so 
full of hollows, that the tide, as it recedes, leaves small 
lakes of water upon them. The width of the plain, or 
strip of dead coral, in the islands which fell under 
Captain Beechey's observation, in no instance ex* 
ceeded half a mile from the usual wash of the sea to 
the edge of the lagoon, and, i n general, was only about 
three or four hundred yards.* Beyond these limits 
the sides of the island descend rapidly, apparently by 
a succession of inclined ledges, each terminating in a 
precipice. The depth of the lagoons is various; in 
some, entered by Captain Beechey, it was from twenty 
to thirty-eight fathoms. 

* Captain Btcche}', part i. p. 188. 
L 6 



Whitsunday hland.—\n the annexed cut (No. +7.), 
e of tiiese circular ialonds is represented just rising 
: waves, covered with the cocoa-nut and other 
ii and inclosing within a lagoon of tranquil water. 




Vita rg 'rUftuiulag tilamtr 

^ Sectitmt of Coral Isles. — The accompanying section 
p^ill enable the reader to comprehend the usual form 
f such islands. (No. 48.) 



, Habitable part of ihe iaiuid, a 
mag the lagoon. 



Billing of a alrip of coral, 
6 6. The lagoon, 



I The subjoined cut (No. 49.) exhibits a small part of 
IB section of a coral island on a lai^er scale. 

rfais plate and the lecliaD which rollowi are copied, bj per. 
in of Captain Beecbey, from the illiulrations of hii Taluablt 
fe.blte« alluded to. 



ai. Halnulilepart of theiaUnd. 

if Slope oflheBiile oribe island, plunging st an angle of foTtr- 

five to the depth of GfWn hundred feet. 
ce. Part of the lagoon. 
dd. Knolla of cornl in the lagoon, with overhanging masses of 

coral, resembling Ihe capitals of coliimns. 

Origin of their peculiar configuration. — The cir- 
cular or oval forms of the numerous coral isles of the 
Facilic, with the lagoons in their centre, naturally sug- 
gest the idea that they are nothing more tlian the 
crests of submarine volcanos, having the rims and 
bottoms of their craters overgrown by coral. This opi- 
nion is strengthened by the conical form of the subma- 
rine mountain, and the sleep angle at which it plunges 
on all sides into the surrounding ocean. It is also well 
known that the Pacific is a great theatre of volcanic 
action, and every island yet examined in the wide 
region termed Eastern Oceanica, consists either of 
Tolcanic rocks or coral limestones. 

It has also been observed that although, witluD the 
circular coral reefs, there is usually nothing discerni- 
ble but a lagoon, the bottom of which is covered with 
coral, yet within some of these basins, as in Gambler's 
group, rocks composed of porous lava, and other vol- 
canic substances, rise up, resembling the two Kameni's 
andothereminencesof ingeous origin, which have been 
thrown up within the times of history, in the midst of 
the Gulfof Santorin.* 
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830 CAUSE OF THE CHA 

It has been mentioned tliat, in volcanic archipelagos, 
there is generally one large habitual vent, and many 
nnaUer volcanos formed at different points and at irre- 
gular intervals, all of which have usually a linear ar- 
rangement. Now, in several of the groups of Eastern 
Oceanica there appears to be a similar disposition, the 
great islands, such as Otalieite, Owhyhee, and Terra 
del Spirito Santo, being habitual vents, and the lines of 
small circular coral isles whiuh are dependent on them 
being very probably trains of minor volcanos, which 
may have been in eruption singly and at irregular in- 
tervals. 

The absence of circular groups in the West Indian 
eas, and the tropical parts of the Atlantic, where 
(corals are numerous, has been adduced as an additional 
fument, inasmuch as volcanic vents, though existing 
D those regions, arevery inferior in importance to those 
; Pacific and Indian seas,* It may be objected 
the circles formed by some coral reefs or groups 
f coral islets, varying as they do from ten to thirty 
nies and upwards in diameter, are so great as to pre- 
3 the idea of their being volcanic craters. In re- 
d to this objection, I may refer to what I have said 
a former volume respecting the size of the so-called 
s of elevation, many of which, are, probably, the 
IS of truncated cones, f 
ftiingi into the Lagoons. — There is yet another 
menoD attending the circular reefs, to which I 
ive not alluded, viz., the deep narrow passage which 
variably leads from the sea into the lagoon, 
Ind Is kept open by the efflux of the sea at low tides. 
Ejt is sufficient that a reef should rise a few feet above 



low-water marlc to cause the waters to collect id the 
lagoon at high tide, and, when the sea fall«, to rush out 
violently at one or more points where the reef happens 
to be lowest or weakest. At first there are probably 
many openings; but the growth of the coral tends to 
obstruct all those which do not serve as tlie principal 
channels of discharge ; so that their number is gra- 
dually reduced to a few, and often finally to one. This 
event is strictly analogous to that witnessed in our 
cfltuaries, where a body of salt water accumulated 
during the (low, issues with great velocity at the ebb of 
the tide, and scours out or keeps open a deep passage 
through the bar, which is almost always formed at the 
mouth of a river. 

In controverting Von Bucb's theory of " elevation 
craters," I mentioned, that a single deep gorge is de- 
scribed as always connecting the central cavity of such 
craters with the sea. The origin of this channel may 
be sought in the action of the tides, which may, in 
many cases, afford a satisfactory explanation. Suppose 
a volcanic cone, having a deep crater, to be at first 
submarine, and to be then gradualb/ elevated by earth- 
quakes in an ocean where tides prevail, a ravine may be 
cut like that which penetrates into the Caldera of the 
isle of Palma. The opening would at first be made on 
that side where the rim of the crater was originally 
lowest, and it would afterwards be deepened as the 
island rose, so as always to descend somewhat lower 
than the level of the sea. 

In the coral reefs surrounding those volcanic islands 
in the Pacific, which arc large enough to feed small 
rivers, there is generally an opening or channel opposite 
the point where the stream of fresh water enters the 
The depth of these channels rarely exceeds 
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w tirenty-five feet, and ihey may be attributed, saya 
f Cq)taiD Beechey, to tlie aversion of the Utliophy tea to 
Kfieah water, and to the probable absence of the mineral 

■ ttatteror which they construct their habitations.* 

I Whi/ the windiBOTd side highest. — But there is yet 
B-SDother peculiarity nf the low coral isliinds, the expla- 
I nation of which is by no means so obvious. They fol- 
I low one general rule in having their windward aide 
1 liigher and more perfect than the other. " At Gam- 
Blner and Matilda islands this inequality is very coq- 

■ qiicuous, the weather side of both being wooded, and 

■ of the former inhabited, while the other sides are from 
I twenty to thirty feet under water ; where, however, 
I they might be perceived to be equally noTTow and well 
L defined. It is on the leeward side also that the en- 
I trances into the lagoons occur ; and although they may 
I sometimes be situated on a side that runs in the dlrec- 
I tion of the wind, as at Dow Island, yet there are none 
I to windward.'' These observations of Captain Beechey 
^.sccord perfectly with those which Captain Horsburgh, 
L *nd other hydrographers, liave made in regard to the 

■ coral islands of other seas. Thus the Chagos Isles in 
I flie Indian Ocean are "chiefly of a hore-shoe form, the 
I linings being to the northwest; whereas the pre- 
I'Tailing wind blows regularly from the Eouth-east. 
I From this fortunate circumstance ships can enter and 
I tail out again with ease ; whereas, if the narrow inlete 
I' Were to windward, vessels which once entered might 
\ not succeed for months in making their way out again, 
r The well-known security of many of these harbours, 
Ldepends entirely on this fortunate peculiarity in th(^^^ 
rttructure. -^^H 
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In what manner is this singular conformation to be 

accounted for ? The action of the waves is seen to be 

the cause of the superior elevation of aome reefs on 

(heir windward sides, where sand and large masses of i 

coral rodk are thrown up by the breakers ; but there 

»re a variety of cusea «-here tliis cause alone is in- I 

adequate to solve the problem ; for reefs submerged 

at considerable depths, where the movements of the 

sea cannot exert much power, have, nevertheless, the 

mae conformation, the leeward being much lower than 

I the windward side. * 

J I am informed by Captain King, that, on examining 

■ the reefs called Rowley Shoals, which lie off the 

I north-west coast of Australia, where the east and west 

f loooQsooDB prevail alternatively, he found the open 

side of one crescent-shaped reef, the Imp^rieuae, 

turned to the east, and of another, the Mermaid, 

turned to the west ; while a third oval reef, of the 

Same group, was entirely submerged. This want of 

«Mnformity is exactly what we should expect, where 

Xhe winds vary periodically. 

It seems impossible to refer the phenomenon now 
Xjnder consideration to any original uniformity in the 
configuration of submarine volcanos, on the summits 
©f which we may suppose the cora! reefs to grow; for 
although it is very common for craters to be broken 
down on one side only, we cannot imagine any cause 
that should breach them all in the same direction. 
But, the difficulty will, perhaps, be removed, if we call 
in another part of the volcanic agency — subsidence 
by earthquakes. Suppose the windward barrier to J 

Ke been raised by the mechanical actioo of the waves 
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to the height of two or three yards above the wall on 
the leeward side, and then the whole island to sink 
down a few fathoms, the appearences described would 
'then be presented by the submerged reef. A repeti- 
tion of such operations, by the alternate elevation and 
;pressLon of the same mass (an hypothesis strictl; 
conformable to analogy), might produce still greater 
inequality in the two sides, especially as the violent 
K. of the tide has probably a strong tendency to 
check the accumulation of the more tender corals on 
the leeward reef; while the action of the breakers 
contributes to raise the windward barrier. 

Stratiflctttion oj cmal ftyrmadoTU. — The calcareoiu 
formations of the Pacific are probably all stratified, 
although single beds may Eoraetimes attain a greil 
thickness. The occasional drifting of sand from tbe 
exposed parts of a reef into the lagoon or the sur- 
rounding sea, would suffice to form occasional lines of 
, partition, especially during violent tempests, which oc- 
cur annually among the South Sea islands. The in' 
composition of felspathic lavas may supply the current 
which washes and undermines the clilfs of some islandi 
with fine clay, and this may be carried to great dis- 
tancea and deposited in distinct layers between lal- 
careous masses, or may be mingled with them and 
form argillaceous limestones. Other divisions will 
arise from the arrangement of different speciesof 
testacea and zoophytes, which inhabit water of varioui 
depths, and which succeed each other as the seal' 
deepened by the fall of its bed during earthquakes, o' 
in proportion as in grows aballower by elevation due 
to the same cause, or by the accumulation of oi^sWC 
substances raising the bottom. 

To these causes of minor subdivision must be addc» 
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another of great imparlance — the ejection of vol- 
canic ashes and sand, olien cnrried by the wind over 
areas, and the flowing of horizontal sheets of 
hich may interrupt suddenly the growth of one 
reef, and afterwards serve as a foundation for 
example of this kind is seen in the lele 
ere a bed of coral, ten feet thick, inter- 
two currents of lava*, and in the Wert 

island of Dominica, Madure observeB, 

ftu " a bed of coral and madrepore limestone, with 
eImIIb, lies horizontally on a bed of cinders, about two 
tr three hundred feet above the level of the sea, at 
Kousseau, and is covered with cinders to a considerable 
ha^f't ! 

Se^s in the Pacific. — The reefs in the Pacific are . 
unetmies of great extent: thus the inhabitants rfj 
Diaappointment Islands, and those of Duff's Grou] 
!»y visits to each other by passing over long li 
tt(& from island to island, a distance of six hundred 
llBes and upwards. When on their route, they pre- 
sent the appearence of troops marching upon tlie 
•sriace of the ocean, j; 

A series of ordinary earthcjuakes might, 
CDUrie of a few centuries, convert sucli a tra 
"Ito dry land ; and it is therefore a remarkable circi 
lance that there should be so vast an area in eastern 
Oceanica, studded with minute islands, without one 
'iagle spot where there is a wider extent of land thao 
wlong to such islands as Otaheite, Owhyhee, and afew 

' Dela Beche, GeoL Man., p. 142. Ciuoyand Gaimard, Ann. 
lloSri, Nat., tame Yi. 

n Geology of the West Indian IsUnda, Joiira. of 
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others, which either have been or are still the 
active volcanos. If ;in equilibrium only wet 
tained between the upheaving and depressing 
earthquakes, large islands would very soon be 
in the Pacific ; for, in that case, tlie growth 
stone, the flowing of lava, and the ejection of 
ashes, would combine with the upheaving force 
new land. 

Suppose the shoal, above described as six 1 
miles in length, to sink fifteen feet, and 
remain unmuved for a thousand years ; during 
lerval the growing coral may again approach 
face. Tlien let the mass be re-elevated fifteen 
that the original reef is restored to its former p 
in this case the new coral formed since the i 
sidence will constitute an island six hundred mi 
An analogous result would have occurred if 
current fifteen feet thick had overflowed the sul 
reef. The absence, therefore, of more extensii 
of land in the Pacific seems to show that the an 
subsidence by earthquakes exceeds in that qu 
the globe at present the elevation due to ll 
cause. 

Elizalnth or J/enderstm'g Island. — I mi 
that one of the thirty-two islands examined by 
vigators in the late expedition was raised abou 
feet above the level of the sea. * It is called E 
or Henderson's Island, and is five miles in lei 
one in breadth. It has a flat surface, and, on , 
except the north, is bounded by perpendicul 
about fifty feet higli, composed entirely of dei 
more or less porous, honey-combed at the surf 

* According to umu ueouMt, beMcen %Ui^ aoi m*« 
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I bnlening into a compact catcareouE mass, which p 
~ » the fi'acture of secondary limestone, and hasa 
IS of millepore interspers'ed through it. These cl 
Bisiderably undermined by the action of the wavea 
i of tbem appear on the eve of precipitatii^ 
superincumbent weight into the se 
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I cent changes of level are not wanting *, the era of the 
rievation of Henderson's Island may not be very 
[ lemote. 

Vast area of coral formations. — The calcareous 

lasses above considered constitute, together with the 

f SHociated volcanic formations, the most extensive of 

e groups of rocks which can be demonsirated to be 

[ now in progress. The space in the sea which they oc- 

I cupy is so vast, that we may safely infer that they 

> exceed in area any group of ancient rocks wluch 

' can be proved to have been of contemporaneous origin. 

It is true that each of the great archipelagos of the 

Pacific are separated by unfathomable abysses, where 

no zoophytes may live, and no lavas flow ; where not 

a particle of coral sand or volcanic scorice may be 

I drifled: but still, if we confine our view to the extent 

' of reef ascertained to exist, and assume that a certain 

I ^nce around each volcanic or coral isle has been co- 

1 Tered with ejections, or matter from the waste of clifis, 

it will then be seen that the space occupied by these 

formations may equal, and perhaps exceed in area 

. that part of our continents which has been accurately 

I ffitplored by geologists. 

That the increase of these calcareous masses should 

I be principally, if not entirely, cunhned to the shallower 

parts of the ocean, or, in other words, to the summits 

of submarine ranges of mountains and elevated plat- 

8, is a circumstance of the highest interest to the 

tgist; for if parts of the bed of such an ocean should 

, be upraised, so as to form large continents, mouutain- 

h diams might appear, capped and flanked by calcareous 

itrata of great thickness, and replete with organic 

' See Ciptain Beeche}''i Vajage to (he Faciiic, &&, pp. 159 



remains; while in the intervening lower regions n 
rucks of contemporary origin would ever have e: 

Lime, whence derived, — A modern writer h 
tempted to revive the theory of some of the i 
geologists, that all limestones have originated in 
ized BubBtances. If we examine, he says, the ijuantlU 
of limestone in the primarj' strata, it will be found ti 
bear a much smaller proportion to the siliceous a 
w^laceous rocks than in the secondary ; and this ir 
have some connexion with the rarity of testaceous s; 
mols in the ancient ocean. He further infers, that, i 
consequence of the operations of animals, " 
lity of calcareous eartb deposited in the form of n 
or stone is always increasing ; and that, as the 
BTj; series far exceeds the primary In this respect, 
a third series may hereafter arise from the depths 
the sea, which may exceed (he lost in the proportia 
of its calcareous strata."* 

If these propositions went no farther than to si 
that every particle of Hme that now enters ini 
crust of the globe may possibly in its turn have bet 
Bubservient to the purposes of life, by entering into tb| 
composition of organized bodies, I should not dee 
the speculation improbable ; but, when it is hinted tlu 
lime may be an animal product combined by t 
powers of vitality from some simple elements, I can d 
cover no sufficient grounds for such an hypothesis, a 
many facts which militate against it. 

If a large pond be made, in almost any soil, : 
GUed with rain-water, it may usually become t 
bjr testacea ; for carbonate of lime is almost uni 

n small quantities. But if no calcareous n 
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r be supplied by waters 6owing irom the smrounding 
^h grounds, or by springs, no tufa or sbell-inarl are 
The thin shells of one generation ormollutcs 
Kdecompose, ei> that their elements afford nutriment id 
Tdie succeeding races; and it is only where a stream 
f enters a lake, which may introduce a fresh supply of 
E ealcareouB matter, or where the lake is fed by springs, 
I tfaat shells accumulate and form marl. 

All the lakes in Forfarshire which have produced 

(deposits of shcU-marl, have been the sites of springs 

I iriiich still evolve much, carbonic acid, and a Email 

' quantity of carbonate of lime. But there is no marl 

n Loch Fithie, near Forfar, where there are no spTV»git 

although that lake is surrounded by these calcareous 

deposits, and although, in every other respect, the 

I favourable to the accumulation of aquatic 

{ testacea. 

e find those charie which secrete the largest qoaa- 
tity of calcareous matter in their stems to abound 
I near springs impregnated with carbonate of iime. 
[ know that, ifthe common hen be deprived altogether rf 
I calcareous nutriment, the shells oi'ber eggs will become 
I of too slight a consistency to protect the contents : i 

: birds eat chalk greedily during the breeding 
I season. 

If, on the other hand, we turn to the phenomena o* 
I inorganic nature, we observe that, in volcanic countrieat 
1 there is an enormous evolution of carbonic acid, either 
I ftee, in a gaseous form, or mixed with water ; and the 
r aprings of such districts are usually iuiprcgnated vilh 
carbonate of lime in great abundance. No one who 
' has travelled in Tuscany, through the region of extinct 
and its confines, or who has seen the map te- 
} eentJy constructed by Targioni, to show the principal 
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attt of mineral springs, can doubt for a moment, that 
if this territory was submerged beneath the sea, itfl 
might supply materials for the most extensive < 
reefs. The importance of these springs is not to i 
estimated by the magnitude of the rocks whicli thei 
kte thrown down on the slanting sides of hills, al-J 
though of these alone large cities might be built, r 
hy a coating of travertin that -covers the soil in f 
iStlricts for miles in length. The greater part of thj 
Olcareous matter passes down in a state of solution t 
; and a geologist might as well assume tl 
I Of sUuvium formed in a few years in the bed of the T 
S Ganges, to be the measure of the quantity d 
n the course of centuries in the deltas of tfaov^ 
} conceive that the influence of the carbonate 
1 Italy can be estimated by the mass of tufe 
lated by them near their sources. 
{■generally admitted that the abundance of car- 
le of lime given out by springs, in regions where 
!^c eruptions or earthquakes prevail, is referrible 
olvent power of carbonic acid. For, as the 
s waters percolate calcareous strata, they take 
■certain portion of lime and carry it up to the sur- 
P'vhere, under diminished pressure in the atmo' 
, it may be deposited, or, being absorbed by 
s and vegetables, may be secreted by them. In 
pae, springs charged with carbonate of lime rise 
igh granite, in which case we must suppose the 
ireous matter to be derived from sime primary , 
iKi, unless we imagine it to rise up from the volcanic 
foci themselves. 

We see no reason for supposing that the lime now 
*• the surface, or in the crust of the earth, rai-j mA, 
•I wdl as the silex, alumine, or any oftvet ■kCvr'CT^ 
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I sobatance, have existed before the first organic beings 
L were created, if it be assumed that the Brrangement of 

I the inorganic materia's of our planet preceded in the 
I order of time the introduction of the first organic in- 
I habitants. 

But if the carbonate of lime secreted by the teatacea 
I and corals of the Pacific, be chiefly derivedyrom below, 
I and if it be a very general effect of the action of sub- 
I terranean heat to subtract calcareous matter from the 
I inferior rocks, and to cause it to ascend to the surface, 
1 no argument can be derived in favour of the progres- 
I uve increase of limestone from tlie magnitude of coral 
I reefs, or the greater proportion of calcareous strata, b 
1 the more modern formations. A constant transfer of 
f carbonate of lime from the inferior parts of the earth's 
I crust to its surface, would cause throughout all future 
1 time, and for an indefinite succession of geological 
epochs, a preponderance of calcareous matter in the 
, newer, as contrasted with the older formations. 



CHAPTER L 

OSsxttYA-rtass. 

Spten of inquiry adopted in this work how (ILffering from tl 
of pteceding writen — Illustrations from the liistory of Geolog 
rfthe respective merits of the two syalems — Reason 
fang 10 a work on Geology trea-tises respecting the changi 
WW in progress in the auinials aiid iiianimale world. 

Bavihg considered, in the preceding books, the actualifl 
■IpBTBtion of the cauEss of change which affect theT^ 
lith's surface and its inhabitants, we arc now aboat| 
to enter upon a new division of our inquiry, and I si 
tberefore offer a few preliminary observations, t 
tile reader's mind the connexion between two distinct 
parts of this work, and to explain in what manner its 
plan differs from that usually followed by preceding 
*f iters on Geology. 

Ail naturalists who have carefully examined the 
"tangement of the mineral masses composing the 
^wth's crust, and who have studied their internal 
*tnicture and fossil contents, have recognized therein 
»K signs of a great succession of former changes; 
•nd the causes of these changes have been the object 
"f anxious inquiry. As the first theorists possessed 
■Wt a scanty acquaintance with the present economy 
'>f the animate and inanimate world, and the vicis- 
''tudes to which these are subject, we find them in 
(he situation of novices, who attempt to read a history 
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I written in a foreign language, doubting about the 
I meaning of the most ordinary terms; disputing, for 
I example, whether a shell was really a shell, — whether 
ind and pehbles were the result of aqueous tritu- 
t ration, — whether stratification was the effect of suc- 
I cessive deposition from water ; and a thousand other 
I elementary questions, which now appear to us so easy 
" simple, that we can hardly conceive them to have 
I once afforded matter for warm and tedious contro- 
I«ray. 

In the firEt book, I enumerated many of the prc- 
■ possessions which biassed the minds of the earlier 
r inquirers, and checked an impartial desire of arriving 
I at truth. But of all the causes alluded to, no one 
mtributed so powerfully to give rise to a false method 
I of philosophizing, as the entire unconsciousness of the 
[ first geologists of the extent of their own ignorance 
I respecting the operations of the existing agents of 
I change. 

They imagined themselves sufficiently acquainted 
I with the mutations now in progress in the animate 
and inanimate world, to entitle them at once to deter- 
■, whether the solution of certain problems in 
geology could ever be derived from the observation of 
the actual economy of nature ; and, having decided 
that they couid not, they felt themselves at liberty to 
indulge their imaginations, in guessing at what miffkt 
be, rather than in inquiring wAo/ u; in other words, 
they employed themselves in conjecturing what might 
have been the course of nature at a remote period, 
rather than in the investigation uf what was the course 
of nature in their own times. 

It appeared to them more philosophical to speculate 
on the possibilities of the past, than patiently to ex- 
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plore ihe realities of tlie present ; and having invented 
theories under the influence of such maxims, they 
wre consistently unwilling to test their validity hy 
the criterion of their accordance with the ordinary 
c^rations of nature. On the contrary, the claims of 
each new hypothesis to credibility appeared enhanced 
hj the great contrast of the causes or forces intro- 
duced to those now developed in our terrestrial 
system during a period, as it has heen termed, of 
Ttpose, 

Never was there a dogma more calculated to foster 
indolence, and to blunt the keen edge of curiosity, 
than this assumption of the discordance between the 
ftnner and the existing causes of change. It pro- 
duced a state of mind unfavourable in the highest 
conceivable degree to the candid reception of the evi- 
dence of those minute but incessant mutations, which 
erery part of the earth's surface is undergoing, and by 
*hich the condition of its living inhabitants is con- 
tinually made to vary. The student, instead of being 
encouraged with the hope of interpreting the enigmas 
presented to him in the earth's structure, — instead of 
heing prompted to undertake laborious inquiries into 
die natural history of the organic world, and the com- 
plicated effects of the igneous and aqueous causes now 
in operation, was taught to despond from the first. 
Geology, it was affirmed, could never rise to the rank 
of an exact science, — the greater number of phe- 
Mmena must for ever remain inexplicable, or only be 
partially elucidated by ingenious conjectures. Even 
the mystery which invested the subject was said to 
cooititute one of its principal charms, affording, as it 
did, full scope to the fancy to indulge in a boundless 
Gdd of speculation. 

M 3 
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The course directly opposed to these theoretical 
views consists in an earnest and patient ende&Toor to 
reconcile the former indications of change with the 
evidence of gradual mutations now in progress ; re- 
stricting us, iQ the tirst instance, to known causes, and 
n speculating on those which may be in activity in 
I j«gions inaccessible to us. It seeks an interpretation 
] of geological monuments, by comparing the changes 
I of which they give evidence with the vicissitudes now 
Q prf^ess, or lohick mai/ be in progress. 
I shall give a few examples in illustration of the 
[ jiractical results already derived from the two distinct 
I methods of theorizing, for we have now the advantage 
of being enabled to judge of their respective merits by 
I the relative value of the iruits which they have pro- 
^ duced. 

prom the historical sketch before given of the {hv- 
I gress of geology, the reader has seen that a controversy 
maintained for more than a century respecting the 
I origin of fossil shells and bones — were they organic or 
c substances? That the latter opinion should 
og time have prevailed, and that these bodies 
. should have been supposed to be fashioned into their 
I present form by a plastic virtue, or some other myste- 
rious agency, may appear absurd;but it was, perhaps, as 
I xeasonable a conjecture as could be expected from those 
r irho did not appeal, in the first instance, to the analogy 
■ of the living creation, as affording tlie only source of 
' authentic information. It was only by an accurate ex- 
n of living testacea, andhy a comparison of the 
Kwteology of the existing vertebratcd animals with the 
ViremainB found entombed in ancient strata, that this 
Kftvourite dogma was exploded, and all were, at length, 
that these substances were exclusiTdrrf 
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In like manner, when a discussion had arisen as to 
the nature of basalt and other mineral masses, evi- 
dently constituting a particular class of rocks, the 
popular opinion inclined to a belief that they were of 
aqueous, not of igneous origin. These rocks, it was 
Htid, might have been precipitated from an aqueous 
solution, from a chaotic fluid, or an ocean which rose 
over the continents, charged with the requisite mineral 
ingreilients. All are now agreed, that it would have 
been scarcely possible for human ingenuity to invent a. 
theory more distant from the truth ; yet we must cease 
to wonder that it gained so many proselytes, when we 
remember, that its claims to probability arose partly 
from the very circumstance of its confirming the 
assumed want of all analogy between geological causes 
and those now in action. 

By what train of investigation were all theorists 
brought round, at length, to an opposite opinion, and 
induced to assent to the igneous origin of these form- 
ations ? By an examination of the structure of active 
TolcanoB, the mineral composition of their lavas and 
qectians, and by comparing tlic undoubted products 
of tire with the ancient rocks in question. 

I shall conclude with one more example. When the 
organic origin of fossil sheila had been conceded, their 
occurrence in strata forming some of the lofliest 
mountains in the world was admitted as a proof of a 
great alteration of the relative level of sea and land ■ 
and the question then arose, whether this change was 
to be accounted for by the partial drying up of the 
ocean, or by the elevation of the solid land. The 
fiirmer hypothesis, although afterwards abandoned by 
general consent, was at lirst embraced by a vest 
jgMrity. A multitude of ingenious speculations were 
M 4 _H 
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hazarilcd, to show how the level of the ocean might 
have been depresEed : and nheu these theories bad all 
foiled, tiie inquiry, as to what vicissitudes of this 
■night now be taking place, was, as usual, re- 
ted to in the last instance. On inquiring, whether 
my changes in tlie level of sea and land had occurred 
Bduring the historical period, it was soon discovered, by 
I patient research, that considerable tracts of land had 
Lbeen permanently elevated and depressed, while the 
Llevel of the ocean remained unaltered. It was there- 
I ibre necessary to reverse the doctrine which had 
I acquired so much popularity, and the unexpected 
I BOlutioD of a problem at first regarded us so enig- 
I matical gave, perhaps, the strongest stimulus ever yet 
afforded to investigate the ordinary operations of 
[ nature. 

Of iKtc years, the points of discussion in geology 

I have been transferred to new questions, and those, for 

[ the most part, of a liighec and more general nature. 

I We are now, for the most part, agreed as to what 

rocks are of igneous, and what of aqueous origin, — ut 

what manner fossil shells, whether of the sea or of 

I lakes, have been imbedded in strata, — how sand may 

have been converted into sandstone, — and are unant- 

nious as to other propositions which are not of a com- 

[ plicated nature ; but when we ascend to those of a 

higher order, we find as little disposition as formerly 

[ to make a strenuous effort, in tlie first instance, to 

L search out an explanation in the ordinary economy of 

I Nature. If, for example, we seek for the causes why 

' mineral masses are associated together in certain 

groups; why they are arranged in a certain order, 

which is never inverted; why there are many breaks 

n the continuity of the series ; why different orgaiiic 
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remains are found in distinct sets of strata ; why there 
is often an abrupt passage from an assemblage of spe- 
cies contained in one formation to that in another 
immediately superimposed, — when these, and other 
topics of an equally extensive kind are discussed, 
we find the liabit of indulging conjectures, respecting 
irregular and extraordinary causes, to be still in full 

We hear of sudden and violent revolutions of the 
globe — of the instantaneous elevation of mountain 
chains^of paroxysms of volcanic energy, declining, 
according to some, and, according to others, increas- 
ing in violence, from the earliest to the latest ages. 
We are also told of general catastroplies, and a suc- 
cession of deluges — of the alternation of periods of 
repose and disorder — of the refrigeration of the globe 
— of the sudden annihilation of whole races of animals 
and plants — and other hypotheses are offered to us, 
in which we see the ancient spirit of speculation 
revived, and a desire manifestly shewn to cut, rather 
than patiently to untie, the Gordian knot. 

In my attempt to unravel these difficult questions, I 
shall adopt a different course, restricting myself to the 
known or possible operations of existing causes ; feel- 
ing assured that we have not yet exhausted the 
resources which the study of the present course of 
nature may provide, and therefore, that we are not 
authorized, in the infancy of our science, to recur to 
extraordinary agents. I shall adhere to this plan, not 
only on the grounds explained in the first book, but 
because, as I have just stated, the history of the 
science informs us, that this method has always put 
geologists on the road that leads to truth, — suggest- 
ing views which, although imperfect at first, liave been. 
u 5 
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found capable of improvement, until at last adapted 
by universal consent. On the other hand, the opposite 
method, that of speculating on a former distinct state 
of things, has led invariably to a multitude of cou' 
Cradictory systems, which have been m'ertbrown one 
tfter the other, — which have been found quite in- 
capable of modification, — and which are often required 
(o be precisely reversed. 

In regard to the subjects treated of in the last two 
books, — the recent changes of the organic and inorganic 
world, — they may be said to constitute the alfdiabet 
and grammar of geology. If I had found systemic 
treatises previously written on these topics, 1 should 
wiinngiy have entered at once upon the description of 
geological monuments properly so called ; in which 
case, I should have referred to other authors for the 
elucidation of elementary and collateral questioos, 
just as I stiall now appeal to the best authorities in 
conchology and comparative anatomy for the proof o^ 
positions which, but for the labours of naturalists de- 
voted to those departmeJits, would have demandei^ 
long digressions. 
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• tu eiisting conlinents chl«fly conif iKed of wbaqueaus dppositl 
— DiUinctian bclwetn uidiinenCBry nnil volcanic rock ^ — Be- 
tween primary, sccondnry, and lerliurj — Origin of llie rocki 
UHially lermed primary — Transilian formslinns — DifR^retice 
between secondary and tertiary strata — Discorery o( tertiary 
groups of aucceaiive periods — Paris basin — London and 
Himpthire basins — Tertiary strata of Bordeaux, Pipdnnont, 
3bur»ine, tec. — Subepennine beds — English t-rBj[ — More 
recent UepoHls of Sicily, Itc. 

M^HEN we examine into the structure of the earth's 
crust [by which is meant the small portion of the ex- 
terior of our planet accessible to btiiiian observation), 
'W'hether we pursue our inquiries by aid of mining ope- 
rations, or by observing the sections laid open in the 
Sea cliife, or iii the deep ravines of mountainous coun- 
trie!, we discover everywhere a series of mineral 
nasBses, which are not thrown, together in a confused 
heap, but arranged with considerable order ; and even 
Where their original position has undergone great sub- 
sequent disturbance, there still remain proofs of the 
Order that once reigned. 

If we drain a lake, we frequently find at the bottom 
* series of recent deposits disposed with great regularity 
OQe above the other ; the uppermost, perhaps, may 
be a stratum of peat, next below a more compact va- 
Hety of the same, still lower a bed of laminated shell 
B>arl, alternating with peat, And then other beds 
M 6 
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marl, divided by layers of clay. Now if a second pi^CS 

be sunk through the'same continuous lacustrine de ' 

posit, Qt some distance from the first, we commonl^^* 
meet with nearly the same series of beds, yet witb^^ 
slight variations ; some, for example, of the layers o^Bi 
sand, .clay, or marl may be wanting, one or more oM^ 
them having thinned out and given place to others, ok— " 
sometimes one of the mattses, first examined, is ob— - 
served to increase in tluckaess to the exclusion o^^ 
other beds. At length we reach a point where th^^s 
whole assemblage of lacustrine strata terminate, as foK-^ 
example when we arrive at the borders of the originn^H 
lake-basin. Here tlie beds will come in contact witl:^^ 
the rocks which form the boundary of, and, at the sam^^^ 
time, pass under all the recent accumulations. 

In almost every estuary, we may observe at lon^^ 
water phenomena analogous to those of lakes, whcr^^ 
the current haa cut away part of some newly -formeg"^ 
bank, consisting of a scries of horizontal strata of peat^ - ^ 
sand, clay, and, sometimes, interposed beds of shells- — ' 
Each of these may often be traced over a considerable^ 
area, some extending farther than others, but ail oK= 
necessity confined within the basin of the estuary 

Similar remarks are applicable, on a much more ex- 

tended scale, to the recent delta of great rivers, iik^^^ 
the Ganges, after the periodical inundations have sub——" 
sided, and when sections are exposed of the river-bank^^* 
and the cliffs of numerous islands, in which horizonta^^ 
beds of clay and sand may be traced over areas manjMaifl 
hundred miles in length, and more than a hundred iiS--* 
breadth. 

Subaqueous deposits. — The greater part of ou^^* 
continents are evidently composed of subaqueous de - — 
posits ; and in the manner of their arrangement w^^ 
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discover many characters precisely similar to those 
^bove described; but the different groups of strata are, 
for the most part, on a greater scale, both in regard 
"to depth and area, than aiiy observable in the form- 
ations of lakes, deltas, or estuaries. We find, for 
example, masses of limestone several hundred feet in 
thickness, containing corals and shells, and stretching 
irom one country to another, yet always giving place, 
At length, to a distinct set of strata, which either rise 
up from beneath like the rocks before alluded to as 
forming the boundary of a lake, or cover and conceal 
them. In other places, we find beds of pebbles, and 
sand, or of clay of great thickness. The different form- 
AtioDs composed of these materials usually contain 
some peculiar and appropriate organic remains; as, 
for example, certain species of shells and corals, or 
certain plants. 

Volcanic tocAs. — Besides these strata of aqueous 
origin, we find other rocks which are immediately re- 
cognized to be the products of fire, from their exact 
resemblance to those which have been produced in 
modem times by volcanos, and thus we immediately 
establish two distinct orders of mineral masses com- 
posing the crust of the globe ^ — the sedimentary and 
the volcanic. 

Rocks commonly adledprimaTy, — But if we examine 
a large portion of a continen t which contains within it a 
lofty mountain range, we rarely fail to discover another 
class of rocks very distinct from either of those above 
alluded to, and which we can neither assimilate to 
deposits such as are now accumulated in lakes or seas, 
nor to those generated by ordinary volcanic action. 
This class consists of granite, granitic schist, roofing' 
slate, and many other rocksj of a much more compact 
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I anil crystalline texture tlinn the Beditnenlary a 

c divisions before mentioned. In tlie unstratificd 

I portion of tlieae crystalline maBses, ae in the granite, 

I Hat example, no organic ibsBil remains have ever been 

overed, and only a few faint traces of them in 

e of the stratifial gruups of the same class ; for I 

Itnay remark, that a considerable portion of these rocin 

live divided, not only into strata, but into laraintc, so 

El^Rely imitating the internal arrangement of well< 

I aqueous deposits, as to leave scarcely any 

asonable doubt that they owe this part of their tex- 

hire to similar CHUses. 

These remarkable formations have been called ;>ri- 

■, from their having been supposed to constitute 

: most ancient mineral productions known to uf| 

nd from a notion that they originated before the earth 

I inhabited by living beings, and while yet the 

lanet was in a nascent atute. The high relative bd- 

Itquity of some of them is indisputable ; for in the 

lest sedimentary strata, containing organic remains, 

e often meet with rounded pebbles of the crystalline 

Kks, which must therefore liave been consolidated 

B the derivative strata were formed out of their 

, The members of this group generally rise up 

jtom beneath the rocks of mechanical origin, entering 

Into the structure of lofty mountains, so as to occupy, 

it the same time, the lowest and most elevated position 

a the crust of the globe. 

Oriffin of rocks called primari/. — Nothing strictly 

■AD&logoua to these ancient formations can now be seen 

■In the progress of formation on the habitable surface 

! earth— nothing, at least, within the range of 

ihuman observation. The first speculators, however, 

Kin Geology, found no difRcuity in explaining their 
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pn, by sapposing a former condition of the planet 
ictly distinct from the present, when certain che 
processes were developed on a great scalcj 
njiereby crystalline precipitates were formeJ, some 
suddenly, in huge amorphous 'masses, such as 
hers by successive deposition and with a. 
foliated and stratified structure, as in the rocks termed 
gneiss and mica-schist. A great part of these views 
bare since been entirely abandoned, more especially with 
regard to the origin of granite, but it is interesting to 
trace the train of reasoning by which they were sug- 
geited. First, the stratified primitive rocks exhibited, 
as teas before mentioned, well-detined marks of suc- 
cessive accumulation, analogous to those so common 
in ordinary subaqueous depoEits. As the latter form- 
atioDs were found divisible into natural groupsj 
characterized by certain peculiarities of mineral com- 
pMition, so also were the primitive. In tlie next place, 
there were discovered, in many districts, certain 
members of the so-called primitive series, either ol* 
teniating with, or passing by intermediate gradations 
into rocks of a decidedly mechanical origin, containing 
traces of organic remains. From such gradual passage 
tbe aqueous origin of the stratified crystalline rocks 
*ttB fairly inferred ; and as "we find in the different 
Mrata of subaqueous origin every gradation between a 
mechanical and a purely crystalline texture; between 
sand, for example, and aaccharoid gypsum, so it was 
imagined tliat, in a former state of the planet, the dif- 
ferent degrees of crystallization in the older rocks 
might have been dependent on the varying conditions 
of the menstruum from which they were precipitated. 
The presence however of certain crystalline ingre- 
dients in tbe composition of many of the primary rocks 
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mdered it necessary to resort to many arbitrary hypo- 

io order to explaia their precipitation from 

iqueouB solution; and for this reasons diflerence in 

e condition of the planet, and in the pristine energy 

if chemical causes, was assumed. A train of specu- 

1 origiaally suggested by the observed effects of 

3US agents was thus pushed beyond the limits of 

ial<^, and it was not until a different and Blmost 

iposite course of induction nas pursued, beginning 

With an examination of volcanic proilucts, that more 

fwund theoretical views were established. 

Granite of igneons origin. — As I am merely desi- 
this chapter, of fixing in the reader's mind 
e leading divisions of the rocks composing tlie earth's 
I I shall not enter at present into any details, 
kat shall only observe, that a passage was first traced 
fom lava into other more crystalline igneous rocks, 
iad from these again to granite, which last was found 
I send forth dikes and veins, into the contiguous 
•rata, in a manner strictly analogous to tHat observed in 
olcanic rocks, and to produce at the point of contact 
pich changes as might be expected to result from the 
; of a heated mass cooling down slowly under 
great pressure from a state of fusion. The want of 
(ratification in granite supplied another point of 
analogy in confirmation of its igneous origin ; and as 
some masses were found to send out veins through 
others, it was evident that there were granites of 
different ages, and that instead of forming in all cases 
the oldest part of the earth's crust, as had at first been 
supposed, some granites were of comparatively recent 
origin, and newer than the stratified rocks which co- 
vered them. 

Stratified crystalline TOchs. — The theory of the origin 
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of the other crystalline rocks was soon modified hy 
these new views respecting the nature of granite. 
First it was shown, by numerous examples, that or- 
dinary volcanic dikes might produce great alteratioDs 
in the sedimentary strata which they traversed, caus- 
ing them to assume a more crystalline texture, and 
nearly obliterating all traces of organic remains, without, 
Uthe same time, destroying the surfaces of stratifi- 
citlon. It was also found, that granite dikei^ and veins 
produced analogouSithoughsoRiewhat different changes; 
and hence it was suggested as highly prohable, that 
the effects to which small veins gave rise, to the 
dietance of a few yards, might be superinduced on a 
much grander scale wherp vast masses of fused rock, 
intensely heated for ages, came in contact at great 
^Mhs from the surface with sedimentary formations, 
^^■idow action of heat in such cases, it was thought) 
^Hpit occasion a state of semi-fusion, so that, on the 
^Bffing down of the masses, the different materials 
might be arranged in new forms, according to their 
chemical affinities, and all traces of organic remains 
m^ht disappear, while the stratiform and lamellar 
texture remained. 

According to these views, the primary strata may 
h»ve assumed their crystalline structure at as many 
■nccessive periods as there have been distinct eras of 
i1k formation of granite, and their difference of mineral 
composition may he attributed, not to an original dif- 
ference of the conditions under which they were 
deposited at the surface, but to subsequent modili- 
ca^ns superinduced by heat and other causes at 
great depths below the surface. 

The strict propriety of the term primitive, as applied 
to granite and to the^ronitiform anil associated Toti&i^ 
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ptus became questionable, and the term priniBry wa^ 

' generally subsliluted, as simply expressing the 
, tbat ttie crystalline rocks, as a mass, were older 
B secondary, or those which are imequivocttlly 
f a inechaiiical origin and contain organic remains. 
Transition formations. — The reader may readily 
even from the hastj- sketch which I have 
i given of the supposed origin of the stratified 
primary rocks, that they may occasionally graduate 
the secondary ; accordingly, an attempt was made, 
n the classification of rocks was chiefly derived 
1 mineral structure, to institute an order called 
\sition, the characters of which were intermediate 
1 those of the primary and secondary forro- 
Itions. Some of the shales, for example, associated 
Rltb these strata, often passed insensibly into clay 
m distinguish able from those of tlie granilic 
md it was oflen difficult to determine whether 
the compound rocks of this transition series, 
lUed greywacte, were of mechanical or chemical 
The imbedded organic remains were rare, and 
lometimes nearly obliterated ; but by their aid the 
i^oups first called transition were at length identified 
irith rocks, in other countries, whidi had undergone 
pouch less alteration, and wherein shells and zoophytes 
Svere abundant. 

The term transition, however, was still retained, 
Uthuugh no longer applicable in its original significa- 
was now made to depend on the identity of 
grtain species of organized fossils ; yet reliance tm 
Eneral peculiarities was not fairly abandoned, as con- 
stituting part of the characters of the group. 

Order of succession of stratified masses.—'Whea the 
.subaqueous strata above alluded to as overlying the 
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primary were found to be divisible into different groups, 
diu'Bcterized by certain organic remains and mineral 
peculiaritieB,the relative position of these groups became 
a matter of high interest. It was soon ascertained that 
the order of succession was never inverted, although the 
different formations were not coestensively distributed ; 




Ki that, if there be four different formations, as a, b, 
e, d, in the annexed diagram (No. 51), which, in 
certain localities, may be seen in vertical superposition, 
the uppermost or newest of them, a, will in other 
places be in contact with c, or with the lowest of the 
■whole series, d, all the intermediate formations being 
absent. 

Tertiary formations. — After some progress had been 
made in classifying the secondary rocks, and in as- 
signing to each its relative place in a chronological 
series, another division of sedimentary formations was 
established, called tertiary, as being of newer origin 
than the secondary, and characterized by distinct spe- 
cies of fossil animals and plants, 'llie tertiary form- 
ations were also tbund to consist \ery generally of dQ* 
tached and isolated masses, surrounded on all sides t'- ' 
primary and secondary rocks, and occupying a positioji 
- in reference to the latter, very like that of the waten 
of lakes, inland seas, and gulfs, in relation to a con- 
tinent, and, like such waters, being often of great depth, 
though of limited area. The imbedded organic re- 
mains were chiefly those of marine animals, hut with 
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iquent iotemiixturefi of teireEtrial and freshwater 

■ ■{Kcies which are rarely found among the secondary 

UiIb. Frequently there woe evidence of the deposits 

juviog been purely lacustrine, a circumstance never 

early ancertained in regard to any secondary group. 

I shall consider more particularly, in the next chap- 

, how far this distinction of rocks into secondary 

I tertiary is founded in nature, and in what relation 

'o great divisions may be supposed to stand 

each other. But before I offer any general views of 

Qiis kind, it may be useful to present the reader with 

H luccinct sketch of the principal points in the history 

T the discovery and classification of the tertiary 

Paris Basin. — The first series of deposits belong- 
; to this class, of which the characters were ac- 
orately determined, were those which occur in the 
ighbourhood of Paris, first described by MM. Cuvier 
nd firongniart.* They were ascertained to fill b 



. Primary rocks. 

. Older beconJory formations, c. Chalk. 

. Tcr(i(D7 rormstian. 

ipresBion in the chalk (as tlie beds d, in diagram 
Kd. 52, rest upon c), and to be composed of different 

* iinriramde Fari^ 1811. 
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materials, Bometimes including the remains of marine'l 
and sometimes of freshwater animals. By the aid o 
these fossils, several distinct alternations of marine andl 
freshwater formations were clearly shown to lie super-'l 
imposed upon each other, and various speculationsfl 
were hazarded respecting the manner in which the 
had successively abandoned antt regained possessior 
tTMtB which liad been occupied in the intervals by the<fl 
waters of rivers or lakes. In one of tiie subordinate^ 
werabera of this Parisian series, a great number o 
scattered bones and skeletons of land animals 
found entombed, the species being perfectly dissimilalfS 
ftom any known to exist, as indeed were those < 
almost all the animals and plants of which any por-4 
llMU were discovered in the associated deposits. 
I must defer, to another part of this work, i 
detRJled account of this interesting formation, and shaln 
merely observe, in this place, that the investigation 
■lie fossil contents of these beds forms an era 
progress of the science. The French naturalists- ■ 
wought to bear upon their geological researches 
much skill and proficiency in comparative anatomy and 1 
Conchology, as to place in a strong light the importance! 
of the study of organic remains, and the coniparativeljr'l 
labordinate interest attached to the exclusive investi-'f 
fiction of the structure and mineral ingredients i 
roi^s. 

Avariety of tertiary formations were soon afterwards'l 
'ound in other parts of Europe, as in the south-east of-« 
England, in Italy, Austria, and different parts of France,! " 
Specialty in the basins of the Loire and Gironde, all 
strongly contrasted with the secondary rocks. As ia 
•he latter class many ditterent divisions had been ob- 
•efved to preserve the same mineral characters and I 
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organic remains over wide areas, itwasnatural thatan 
attempt should first be made to trace the different 8ub- 
divisionE of the Parisian tertiary strata throu^out 
Hurope, for some of these were not inferior in thid- 
ness to several of the secondary formatiooB whidiiuiil 
e wide range. 

But in this case the analogy, however probable, was 
not found to hold good, and the error, though almost 
unavoidable, retarded seriously the progress of geology. 
As often as a new tertiary group was discovered, as that 
of Italy, for example, an attempt was invariably made, 
in the first instance, to discover in what characters it 
agreed with some one or more subordinate members 
of the Parisian type. Every fancied point of corres- 
pondence was magnified into undue importance, and 
I'Such trifling circumstances, as the colour of a bed of 
f«and or clay, were dwelt upon as proofs of identity, 
fwhile the general diiFerence in the mineral character 
hwid organic contents of the group from the whole 
I J^isian series was slurred over and thrown into the 
I ibade. 

By the influence of this illusion, the succession and 
chronological relations of different tertiary groups were 
kept out of sight. The difiiculty of clearly discerning 
these arose from the frequent isolation of the position 
'of the tertiary formations before described, since, in 
^proportion as the areas occupied by them are limited, 
pt is rare to discover a place where one set of straU 
overlap another, in such a manner that the geologist 
: might be enabled to determine the difference of age by 
Niirect superposition. 
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I shall now very briefly enumerate some of the J 
principal steps which eventually led to a conviction of J 
the necessity of referring the European tertiary form- i 
ations to distinct periods, and the leading- data by J 
which such a chronological series may be established. 

London, and Hampshire Bofitu. — Yery soon after j 
the investigation, before alluded to, of the Parisian' ] 
strata, those of Hampshire and of the basin of the 
Thames were examined in our own country. Mrij 
Webster found these English tertiary deposits tc 
pose, like those in France, upon the chalk, or neweBt.l 
rods of the secondary series. He identified a great.'l 
number of the shells occurring in the British andll 
Parisian strata, and ascertained that, in the Isle o£4 
Wight, an alternation of marine and freshwater bedS' I 
occurred, very analogous to that observed in thebasin \ 
of the Seine.* But no two sets of strata could well be 
more dissimilar in mineral composition, and they were 
only recognized to belong to the same era, by aid of I 
the specific identity of their oi'ganic remains. The f 
discordance, in other respects, was as complet 
could well be imagined, for the principal marine form*'! 
ation in the one country consisted of blue clay, 
the other of white limestone ; and a variety of curious- 1 
rocks in the neighbourhood of Paris had no represen-' 
tatives whatever in the south of England. 

Subapennine beds. — The next important discovery: I 
of tertiary strata was in Italy, where Brocchi tracedi I 
them along the flanks of the Apennines, from one 

• Webster in EngleReld'a Isle of Wight and G«dL Tians., 1 
. *d.lLp. 161. 
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tremity of the peninsula to the other, usually forming 
& lower range of hilla, called by him the Subapennines.' 
These formations, it ia true, had been pointed out by 
the older Italian writers, and some correct ideas, as we 

r have seen, had been entertained respecting their le- 
cent origin, as compared to the inclined secondEUj 

I rocks on which they rested.t But accurate data were 
now for the first time collected, for instituting a com- 
parison between them and other members of the great 
European series of tertiary formations. 

Brocchi came to the conclusion that nearly onejillf 
cf several hundred species of fossil shells procured by 

I him from these Subapennine beds were identical with 
diose now living in esisting seas, an observation which 

f did not hold true in respect to the organic remaini of 

I the Paris basin. It might have been supposed that lhi> 
important point of discrepancy would at once lia'f 
engendered great doubt as to the identity, in age, of 
any part of the Subapennine beds with any one meni- 
ber of the Pariaiar series ; but, for the reasons abo»( 
alluded to, this objection was not thought of tnadi 
veight, and it was supposed that a group of stnti, 
called " the upper marine formation," in the basin rf 
the Seine, might be represented by all the SubapCD* 
nine clays and yellow sand. 

English Crag. — Several years before, an Engiiib 
naturalist, Mr. Parkinson, had olreerved, that certiiB 
ehelly strata, in Suffolk, which lay over the blue cl«y 
of London, contained distinct fossil species of teBtsce»> 
and that a considerable portion of these might be 
identified with species now inhabiting the neighbouring 



• Conch. Poss. SubniJ.. 1814. 

f See Vol. 1, p. 73. for opinions of Odnvdi, in ITGI. 
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sea.* These overlying beds, wliicli were provincially 1 
termed "crag," were of small thickness, and were^ 
not regarded as of much geological importance. But, I 
when duly considered, they presented a fact worthy! 
of great attention, viz., the Buperposition of a tertiary! 
group, enclosing, like the Subapennine beds, i 
iutermixture of recent species of shells, upon bedl 
wherein a very few remains of recent or living apecief 
were em tombed. 

Mr. Conybeare, in his excellent classification of th< 
English Btrataf , placed the crag as the uppermost o 
the British series ; and several geologists began soon tsu 
entertain an opinion that this newest of our 
ibrmations might correspond in age to the Italiai 
B&Bta described by Brocchi. 

Tertiary Strata of Touraine. — Tlie next step 6 
wards establishing a succession of tertiary periods 
the evidence adduced to prove that certain formationi 
more recent than the uppermost members of the P»J 
risian series, were also older than the Subapennina 
beds, so that they constituted deposits of an aj 
mediate between the two types above alluded t 
M. Desnoyers, for example, ascertained that a gro 

No. 53. 
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tnf manae strata, in Touraine, in the basin of tlie 
■e (e, diagram No. 53.), rest upon the upper- 
t subdivision of the Parisian group d, which coa- 
f isUts of a lacustrine formatiou, extending continuouslf 
Ajtbroughout a platform which intervenes between the 
a of the Seine and that of the Loire. These over- 
;; marine strata, M. Dcsnoyers assimilated to the 
Soglish crag, to which they bear some analogy, aJ- 
jugh their organic remains differ considerablf, D9 
11 be atlerwards shown. 
A large tertiary deposit had already been observed 
I in the south-west of France, around Bordeaux and 
i.Dax, and a description of its fossils had been published 
[.by M, de Basterot.* Many of the species were pe- 
[ culiar, and differed from those of the strata now called 
L Subapennine ; yet these same peculiar and diaracter- 
L.istic fossils reappeared in Piedmont, in a series <n 
B^trata inferior in position to the Subapennines (u* 
mdcTlies^^ diagram No. 54.). 




. Chalk and older Tc 
rf. London clay (oldi 
e. Tertiary Blrala of 
/ Crag and Subapi 

his inferior group, e, composed principally of grce; *' 
Ifland, occurs in the hiila of Mont Ferrat, and beds C^ 
i are seen in the valley of the Bormid*^ 
■They also form the hill of the Superga, i; 
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where M. Bonelli formed a large collection of thrf 
fossils, and identified them witli those discovered ne« 
Bordeaux and in the basin of the Gironde.* 

But we are indebted to M. Desliayes for haritq 
proved, by a careful comparison of tlie enlire aasem 
blage of shells found in the above-mentioned localities 
in Touraine, in the south-west of France, and I 
Piedmont, that the whole of these three groups pdl 
sess the Bame zoological characters, and belong i 
the same eirach, as also do tlie shells described I 
M. Constant Prevost, as occurring in the basin ( 
Vienna.f 

Now the reader will perceive, by reference t 
observations above made, and to the aecompanyin 
diagrams, that one of the formations of this inte* 
veoing period, e, has been found superimposed 
the highest member of the Parisian series, rf; i 
another of the same set has been observed to uni] 
the Subapennine beds, /. Thus the chronologicB 
series, d, e,/, is made out, in which the deposits, i 
ginally called tertiary, those of the Paris and Loudtri 
basins, for example, occupy the lowest positior 
the beds called " the crag," ajid " the Subapennines^^ 
the highest. 

Tertiary Strata naoer than the Subapennine. — ' 
fossil remains which characterize each of the tl 
successive periods above alluded to, approximate n 
nearly to the assemblage of species now existing, i 
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roportion as their origin is less remote from our ow» 

oilier TCorilg, the recent species are always 

ind the extinct more rare, in propor- 

> the low antiquity of the formation. But the 

fscordance between the state of the organic world 

idicated by the fossils of the Subapenniiie beds and 

e actual state of things is still considerable, and we 

rally ask, arc there no monuments of an intervening 

td? — no evidences of a gradual passage from 

condition of the animate creation to that whidi 

r prevails, and which differs so widely? 

It will appear, in the sequel, that such monuments 

■re not wanting, and that there are marine strata en- 

Vtering into the composition of extensive districts, and 

if liilts of no trifling height, which contain the exuviK 

Vof testacea and zoophytes, hardly distinguishable, as 

1 group, from those now peopling the neighbouring 

: the line of demarcation between the 

Ctual period and that immediately antecedent, is 

jBite evanescent, and the newest members of the 

rtiary series will be often found to blend with the 

if the historical era. 
In Europe, these modem strata have been found in 
the district around Naples, in the territory of OtraniD 
and Calabria, and more particularly in the island of 
Sicily ; and the bare enumeration of these localities 
cannot fail to remind the reader, that they belong to 
regions where the volcano and the earthquake are now 
active, and where we might have anticipated the dis- 
covery of emphatic proofs, that the conversion of 
flea into land had been of frequent occurrence at rery 
modern periods. 




Dduy senes formed when thu oceao prevailed ; tertiary during 
ihe conTcrsion of sea into taml, and t)ic growth of & continent 

— Origin of intenuplion in the sequence of formations — The 
aeas wliere new depouUi take place are alwuys shifting — 
CluBES of tliis — Denudation augments the dtscardaoce in the age 
of rocks in contact — Unconformability of overlying formadont 

— In what manner the slijfiing of the areas of sedimentaiy 

ductioD of specie! to produce a series of deposits having distinct 
mineral and organic characters. 

1 HAVE already glanced at the origin of some of the 
X^rincipal points of difference in the characters of the 
^arimary and secondary rocks, and may now briefly 
v^ronsider the relation in which the secondnry stand to 
tbe tertiary, and the causes of that succession of ter- 
"tLiary formations, which has been described in the last 
^ihapter. 

It is evident that large parts of Europe lausl have 
t^een submerged simultaneously beneath the sea when 
different portions of the secondary series were formed, 
Vwcause we find homogeneous mineral masses, including 
"Uie remains of similar marine animals, rcferrible to 
"the secondary period, extending over great areas; 
"Vrhereas the detached and isolated position of the 
■tertiary groups, in basins, or depressions bounded by 
secondary and primary rocks, favours the hypothesis 
ofa sea interrupted by extensive tracts of dry land. 

N 3 _ 
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Slate of the Surface when tfie Secondary Strata were 
formed. 

I<e[ uG consider the changes that must be expected 

to accompaDy the gradual conversion of part of the 

, bed of an ocean into a continent, and the different 

Aarscters tliat might be imparted to subaqueoua de- 

a formed during the period when the Eea prevailed, 

9 contratitcd with those that might belong to the 

[ subsequent epoch when the land should predominate. 

I First, we may suppose a vast submarine region, such 

the bed of the western Atlantic, to receive for 

a the turbid waters of several great rivers, like the 

lazon, Orinoco, or Mississippi, each draining a con- 

iderabie continent. The sediment thus introduced 

t be characterized by a peculiar colour and com- 

Dflition, and the same horao^'tneous mixture might be 

It over an immense area by the action of a 

werful current, like the Gulf-stream. First one 

iubmarine basin, and then another, might be filled, or 

aidered shallow, by the influx of tranEported matter, 

Ae same species of animals and plants still continuing 

inhabit the sea; so that tlie organic, as well as the 

ral characters, might be constant throughout the 

Vhole series of deposits. 

In anutlier part of the same ocean, let us suppose 
es of coralline and shelly limestone to grow, like 
: of the Pacific, simultaneously over a space 
a! thousand miles in length; and thirty or forty 
ies of latitude in breadth, while volcanic eruptions 
rise, at different intervals, to igneous rocks, 
ig a common character in different parts of the 
area. It is evident that, during such a state of 
I quarter of the globe, limestone and other 



rocks might be formed, and retain a common character 
over spaces equal to a large portion of Europe. 

Stale of lAe Surface when tfie Tertiajy Groups were 
formed. 

But, when the area under consideration began to 
be converted into land, a very different condition of 
thbgB must succeed. A series of subterranean move- 
nients might first give rise to small rocks and isles, 
andthen, by subsequent elevations, to larger islands, 
by the junction of the former. These lands would 
consist partly of the mineral masses before described, 
wbether coralline, sedimentary, or volcanic, and partly 
of the subjacent rocks, whatever they may Jiave been, 
which constituted the original bed of t!ie ocean. 
Nov the degradation of these lands would commence 
iniinediateJy upon their emergence, the waves of the 
sei undermining the cliifs, and torrents flowing from 
the surface, so that new strata would begin to form In 
different places, at the bottom of the still remaining 
IBM J and, in proportion as the lands increased, these 
^posits would augment. 

At length, by the continued rising and sinkingof difTer- 
tnt parts of the bed of the ocean, a number of distinct 
basins ivould be formed, wherein different kinds of sedi- 
loent, each distinguished by some local character, might 
•ccumulate. Some of the groups of isles that had first 
tiaen would, in the course of ages, become the central 
inoun tain ranges of continents, and different lofly chains 
"light thus be characterized by similar rocks of con- 
temporaneous origin, the component strata having 
originated under analogous circumstances in the ocean 
wfore described. 

. finally, when large tracts of land existed, there would 
M 4 
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I bea variety of disconnected gulfj,in1sodseas,an<l lakes, 
I escli receiving the drainage of distinct hydrt^raphica] 

I l»sins,and becoming the receptBcleB ofstratified matter, 

■t inguished by marked peculiarities of mineral compo- 

The organic remains would also be more varied, 

one locality freshwater species would be iinbed- 

f ded, as in the deposits now forming in the lakes of 

I 'Switzerland and the north of Italy ; in another, marine 

n the Aral and Caspian ; in a third region, 

olffl of brackish water would be converted into land, 

e those of Bothnia and Finland in the Baltic ; in a 

roiglit be great duviatile and marine 

B along the borders of a chain of inland seas, 

I like the deltas now growing at the mouths of the Don, 

I Danube, Nile, Po, and Rhone, along the shores of the 

a of Azof, the Euxine, and Mediterranean. These 

I deposits would each partake mare or less of the pecu- 

tiiar mineral character of adjuining lands, the degradation 

K«f which would supply sediment to the different rivers. 

Kow, if such be, in a great measure, the distinction 

Ktween the circumstances under which the secondary 

d tertiary series originated, it is quite natural tbat 

Articular tertiary groups should occupy areas of com- 

atively small extent — that they should frequently 

tonsist of littoral and lacustrine deposits, and that they 

diould often contain those admixtures of terrestrial, 

er, and marine remains, which are so rare in 

vecondary rocks. It might also be expected, that the 

iry volcanic formations should be much less ex- 

'ely submarine ; and this we accordingly find to be 
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of the Superposition of successive Formations 
having distinct Mineral and Organic Characters. 

But we have still to account; for those remarkable 
breaks in the series of superiniposGd formationB, which 
are common both to the secondary and tertiary rocks, 
but are more particularly frequent in the tatter. Tlie 
elucidation of this curious point is the more important, 
because geologists of a certain school appeal to pheno- 
mena of this kind in support of their doctrine of sudden 
revolutions of the globe, and great catastrophes out of 
the ordinary course of nature. 

it is only by carefully considering the combined 
action of all the causes of change now in operation, 
whether in the animate or inanimate world, that we 
cm hope to explain such complicated appearances as 
are exhibited in the general arrangement of mineral 
masses. In attempting, therefore, to trace the origin 
ofthese violations of continuity, we must recur to many 
rflhe topics treated of in the two last books, such as 
tlie effects of the various agents of decay and repro- 
^ction, the imbedding of organic remains, and the 
Mlinction of species. 

SUfiinff of the Areas of Sedimentary Deposition. — 
Bj reverting to our survey of the destroying andreno- 
wuiDg agents, it will be seen that the surface of the 
•wraqueous globe may be divided into two parts, one 
of which is undergoing repair, while the other, consti- 
tuting, at any one period, by far the larger portion of 
the whole, is either suffering degradation, or remaining 
'tationary without loss or increment. The reader will 
•'sent at once to this proposition, when he reflects that 
tie dry land is, for the most part, wasting by the action 
"f riin, riverB, and torrents; and that part of the bed 
N 5 
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R of die s^ i* exposed to the excaratiiig action of cur- 

■ fests, while die greater part, remote froni continent* 
fcani* iilaniis, receives no new deposits. For &s a turbid 
■river throws down all its sediment into the first late 
KiRiicb it traverses, so currents flowing from tJie land or 
Bftom shoals purge themselves from foreign ingredients 

■ in the first deep basin which they enter, and beyond 
I diis the blue waters of the ocean may for ages reraaia 
■'Clear to the greatest depths. If there arc anyrelics of 
B M^anic beings at the bottom, they may decompose like 
I' die leaves of the forest in autumn, leaving no vestige 
tl>ehind, but merely supplying nourishment, by their 
■decomposition, to succeeding races of marine animals 
Kind plants. 

■ The other part of the terraqueous surface is the re* ' 
vceptacle of new deposits ; and in this portion alone, is I 
rZpointed out in the last book, the remains of animals | 
Kind plants become fossilized. Now the position of this 
tirea, where new formations are in progress, and where | 
Iflilone any memorials of the state of organic life are { 
Bpreserved, is always varying, and must for ever continue | 
W. to vary ; and, for the same reason, that portion of die | 
E tflrrnijueous globe which is undergoing waste also shifts I 
Pita position, and these fluctuations depend partly on 

I thonctiim of aqueous, and partly of igneous causes. ' 
I III illustration of these positions, I may observe, that 
I the sediment of the Rhone, which is thrown into the 
vhlce of Gciiyva, is now conveyed to a spot a mile and 
I a half distant from that where it accumulated in the 
ft^tentli century, and six miles from the point where the ' 
HBelta began originally to form. We may look forward 
Ims tirn period when the lake wQl be filled up, and then 
■|tuddeu change will take place in the distribution of 
^fc^yiyorted matter ; for the mud and sand broagbl ' 
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dowD from the Alps will thenceforth, instead of beinfg 
deposited near Geneva, be carried nearly two hui 
miles southwards, where the Rhone enters the Medi 



The additional matter thus borne down to the low^ 
delta of the Rhone would not only accelerate its i 
crease, but might affect the mineral character ofti 
strata there deposited, and thus give rise to an up 
group, or subdivision of beds, having a distinct char 
ter. But the filling up of a lake, and the conseqiier 
transfer of the sediment to a. new place, may sometini^ 
give rise to a still more abrupt transition from 
group to another ; as, for example, in a gulf like thi 
of the St. Lawrence, at the head of which no deposin 
are now accumulated, the river being purged of all iti 
impurities in its previous course through the Canadiai 
lakes. Should the lowermost of these lakes be at ai 
time filled up with sediment, or laid dry by e 
quakes, the waters of the river would thenceforth b 
come turbid, and strata would begin to be deposits 
in the gulf, where a new formation would immediate 
overlie the ancient rocks now constituting the bottoBI 
In this case there would be an abrupt passage rron 
the inferior and more ancient, to the neu'cr superii^ 
posed formation- 

The same sudden coming o 
deposits, or the suspension of tli 
grees, must frequently occur 
basins where the prevuiling currents are always liable, 
in the course of ages, to change their direction. Sup- 
pose, for instance, a sea to be filling up in the same 
manner as the Adriatic, by the influx of the Po, Adige, 
and other rivers. The deltas, after advancing and con- 
Terging, may at last come within the action of a trans- 
N 6 
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Terse current, which may arrest the fiirther deposition 
of matter, and sweep it away to a distant point. Such 
a current now appears to prey upon the delta of ihe 
Nile, and to carry eastward the annual acceBsions of 
sediment that once added rapidly to the plains of Egypt 

On the other hand, if a current charged with sedi- 
ment vary its course, — a circumstance which, as 1 ' 
have shown, must happen to all of them in the lapse of 
ages, — the accumulation of transported matter will at 
once cease in one region, and commence in another. 

Although the causes which occasion the transfereoce 
of the places of sedimentary deposition are continually 
in action in every region, yet they are particularly in- 
fluential where subterranean movements alter, from 
time to time, the levels of land ; and their effect must 
be very great during the successive elevations and de- 
pressions which must be supposed to accompany the 
rise of a great continent from the deep. A trifling 
change of level may sometimes throw a current into a 
new direction, or alter the course of a considerable 
river. Some tracts will be alternately submerged and 
laid dry by subterranean movements : in one place a 
tfhoal will be formed, whereby the waters will drift 
matter over spaces where they once threw down their 
burden, and new cavities will elsewhere be produced, 
both marine and lacustrine, which will intercept the 
waters bearing sediment, and thereby stop the supply 
once carried to some distant basin. 

I have before stated, that a few earthquakes uf mo- 
derate power might cause a subsidence which would 
connect the sea of Azof with a large part of Asia now 
^^B 'tielow the level of the ocean.* This vast depression. 
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recently shown by Humboldt to extend over an area of 
eighteen thousand square leagues, surrounds Lake Aral 
and the Caspian ; on the shores of which seas it sinks in 
some parts to the depth of about 350 feet below the 
level of the ocean. The whole area might thus sud- 
denly become the receptable of new beds, of sand and 
shells, probably differing in mineral character from the 
maaees previously existing in tJiat country; for an exact 
correspondence could only arise from a precise identity 
ID the whole combination of circumstances which 
should give riee to formations produced at different 
periods in the same place. 

Without entering into more detailed explanations, 
the reader will perceive that, according to the laws now 
governing the aqueous and igneous causes, distinct 
deposits must, at different periods, be thrown down on 
various parts of the earth's surface, and that, in the 
course of ages, the same area may become, again and 
again, the receptacle of such dissimilar sets of strata. 
During intervening periods, the space may either re- 
main unaltered, or suffer what is termed denudations in 
which case a superior set of strata are removed by the 
power of running water, and subjacent beds are laid 
bare, as happens wherever a sea encroaches upon a line 
of coast. By such means, it is obvious that tlie dis- 
cordance in age of rocks in contact must oflenbegreatly 
increased. 

The frequent un con form ability in the stratification of 
the inferior and overlying formation is another phenD- 
IDCnon in their arrangement, wliich may be considered 
aa a natural consequence of those movements that 
accompany the gradual conversion of part of an ocean 
into land ; for by such convulsions the older set of 
strata may become rent, shattered, inclined, and con- 
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torted to any amount. If the movement cease entlrelji 
before a new deposit is formed in the same tract, the 
superior strata may repose horizonlally upon tlie die- 
located series. But even if the subterrahean convulsions 
continue with increasing violence, the more recent 
formations must remain comparatively undisturbed, 
because they cannot share in the derangement pre- 
viously produced in the older beds ; while the latter, on 
the contrary, cannot lail to participate in all the move- 
I ments subsequently communicated to the newer. 

I Change of Species erery tcliere in progress If, then, 

Kit be conceded, that the combined action of the volcanic 
Kttid the aqueous forces would give rise to a succession 

■ of distinct formations, and that these would be some- 
Ktimes unconformable, let us next inquire in what 
Bfianner these groups might become characterized by 
Kdifferent assemblages of fossil remains. 

H I endeavoured to show, in the last book, thnt the 
^A^pothesis of the gradual extinction of certain animals 
Kmd plants, and the successive introduction of new spe- 
HcieB, was quite consistent with all that is known of the 
^^xisting economy of the animate world ; and if it is 
K-feund to be the only hypothesis which is reconcilable 
■.vith geological phenomena, wc iihall have strong 

■ grounds for conceiving that such is the order of nature. 
1; FossilizalioH of Plants and Animals pariial.— We 
Kiave seen that the causes which limit the duration of 
Mgpecies are not confined, at any one time, to a par- 
■ticular part of the globe ; and, for the same reason, if 
fcce suppose that theii- place is supplied, ft-ora time to 
Hinie, by new species, we may suppose their introduc- 
^■[^fk be no less generally in progress. It would 
^I^Bb^ereforc, from all the foregoing premises, that 
^^^^Bjl^.of species would be iu simultEiueous ope- 
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ration every where throughout the habitable surface of 
sea and land ; whereas the fossilization of plants and 
animals must always be confined to those areas where 
new strata are produced. These areas, as I have 
proved, are always shifting their position, so that the 
fossilizing process, whereby the commemoration of 
the particular state of the organic world, at any giren 
time, is effected, may be said to move about, visiting 
and revisiting different tracts in succession. 

In order more distinctly to elucidate my idea of the 
irorking of this machinery, I shall compare it to a 
somewhat analogous case that might easily be imagined 
to occur in the history of human affairs. Let the 
mortality of the population of a large country represent 
the successive extinction of species, and the births of 
new individuals the introduction of new species. While 
these fluctuations are gradually taking place every- 
where, suppose commissioners to be appointed to 
■visit each province of the country in succession, taking 
an exact account of the number, names, and individual 
peculiarities of all the inhabitants, and leaving in each 
district a register containing a record of this inform* 
ation. If, after the completion of one census, another 
is immediately made on the same plan, and then an- 
other, there will, at last, be a series of statistical do- 
cuments in each province. When these are arranged 
in chronological order, the contents of those which 
stand next to each other will differ according to the 
length of the intervals of time between the taking of 
each census. If, for example, all the registers are 
made in a single year, the proportion of deaths and 
births will be so small during the interval between the 
compiling of two consecutive documents, that the 
individuals described in each will be nearly identical ; . 
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rliereaS) if there are aixly provinces, and the survey 

Eof each requires a year, there will be an almost entire 

■discordance between the persons enumerated in the 

Kiatne province in two consecutive registers. There are 

■tudoubtcdly other causes besides the mere quantity 

f time, which may augment or diminish the amount 

»f discrepancy. Thus, at some periods a pestilential 

diiease may have lessened the average duration of 

jtiuman life, or a variety of circumstances may have 

Esused the births to be unusually numerous, and the 

Jopulation to multiply ; or, a province may be sud- 

taly colonized by persons migrating from surrounding 

iatricts. 

I must also remind the reader, that I do not propose 

) as an exact parallel to those geological 

lenomena n'hich I desire to illustrate ; for tiie com- 

■s are supposedto visit the different provinces 

n rotation; whereas the commemorating processes by 

rhich organic remains become fossilized, although ihey 

i always shifting from one area to another, are yet 

f irregular in their movements. They may aben- 

ind revisit many spaces again and again, before 

once approach another district ; and, besides this 

e of irregularity, it may often happen that, while 

e depositing process is suspended, denudation may 

e place, which may be compared to the occasional 

lestruction of some of the statistical documents before 

intioned. It is evident that, where such accidents 

:, the want of continuity in the series may become 

(definitely great, and that the monuments which 

xt in succession will by no means be equidis- 

lat from each other in point of time. 

If this train of reasoning he admitted, the distinct- 

s of the fossil remains, in formations immediately 
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in contact, would be a necessary consequence 
aisting laws of Bedimentary deposition, and of a c< 
Stent mortality and renovation of species. 

I have already stated, that we should naturally loe 
for a change in the mineral character in strata 
down at distant intervals in the same place ; 
like manner, we must also expect, for the reason li 
set fourth, to meet occasionally with sudden tr 
^om one set of organic remains to another, 
causes which have given rise to such differences ii^ 
niDeral characters have no necessary conneii 
those which have produced a change in the species t 
imbedded plants and animals. 

When the lowest of two sets of strata are much difr 
iocated throughout a wide area, the uppe 
undisturbed, there is usually a considerable discordanof 
in the organic remains of the two groups ; but the c 
iDcidence, in this instance, of the point where the fossiJ 
lad the stratification change their character, must aojj 
be ascribed to the agency of the disturbing forcea, i 
iflhey had exterminated the living inhabitants o' 

The lapse of time assumed to be requisite fi 
l^velopment of so great a series of eubterranes 
lentshas, in such cases, allowed the spe 
[bout the globe to vary, and hence 

ire usually concomitant, 
lough these inferences appear to me very ob^fl 
aware that they are directly opposed t 
rpopular theories respecting catastrophes ; I el 
ideavour to illustrate these views still it 
\y by another analogous case. Suppose we had 
rered two buried cities at the foot of Vesuvius, 1 
immediately superimposed upon each other, with a 
ptit nusa of tuff and lava intervening, just as Portici ^ 



CAUSE OF VIOLATIONS OF CONTISUITT. [Boot IV. 

md Resina, if now covered with aslies, would overlie 
Herculaneum. An antiquary might possibly be en- 
ttitled to inter, from the inscriptions on public edifices, 
(that the inhabitants ot the inferior and older town 
r vere Greeks, and those of the modem, Italians. But 
fhe would reason very hastily, if he also concludedi 
n these data, that there hud been a sudden change 
a the Greeic to the Italian language in Campania. 
Suppose he aflerwards found three buried cities, one 
Kgbove the other, the intermediate one being Rontan, 
I while, as in the former example, the lowest wag 
I Greek, and the uppermost Italian ; be would then per- 
3 fallacy of his former opinion, and trould 
■'begin to suspect that the catastrophes, whereby the 
Baties were inhumed, might have no relation whatever 
■ to the fluctuations in the language of the inhabitants; 
I and that, as the Roman tongue bad evidently inter- 
I Tencd between the Greek and Italian, so manj' other 
I dialects may have been spoken in succession, and the 
I passage from the Greek to the Italian may have been 
I very gradual ; some terms growing obsolete, while 
1 others were introduced from time to time. 

If this antiquary could have shown that the vol' 
»nic paroxysms of Vesuvius were so governed as that 
I cities should be buried one above the other, just as 
I often as any variation occurred in the language of the 
I inhabitants, then, indeed, the abrupt passage from 9- 
V Greek to a Roman, and from a Roman to an Italiai* 
J city, would afford proof of fluctuations no less suddet* 
I in the language of the people. 

So, in Geology, if we could assume that it is part of" 
e plan of nature to preserve, in every region of the 
L globe, an unbroken scries of monuments to commemo- 
e the vicissitudes of tlie organic creation, we might 
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I Chronological rclatians of mineral mosses — Superposition pmof 
of more recent origin — Enceptions — Relative age proved I7 
included fragtnenti of older rocifs — Proofs of contemponneoui 
origin derived from mineral characters — Recurrence of dis- 
tinct rocks Ht successive periods — Proofs of conlemporipeooi 
origin derived from organic remains — Zoological provioea of 
limited extent — Different modes wliereby dissimilar miDerd 
masses and distinct groups of species may be proved to hivt 
been contemporaneous. 

f In attempting to classify the mineral masses which 
I compose tlic crust of the earth, tlie principal object 
r which the geologist must keep in view, is to determioe 
nth accuracy their cjironological relationE ; for it is 
I abundantly clear, that different rocks have been Fonned 
; and, in order thoroughly to comprehend 
n which they enter into the structure of 
I our continents, we must study them with reference to ^ 
me and mode of their formation. 

Proofs of relative Age by Siy^erpositiOH. 
is evident that, where we find a series of hori- 
zontal strata of sedimentary origin, the uppermost 
bed must be newer than those which it overlies^ and 
that, when we observe one distinct set of strata re- 
posing upon another, the inferior is the older of the 
two. In countries where the original position of mi- 
neral masses has been disturbed, at different periods, 
1 by convulsions of extraordinary violence, as in the 
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Alps, and other mountainous districts, there arc in- ' 
■tuices where the original [rasition of strata has been 
reversed. Such exceptions, however, are rare, and 
Biiuilly on a small scale; and an experienced observer 
tan generally ascertain the true relations of the rocks 
qnestion, by examining some adjoining districts 
where the derangement has been less extensive. 

In regard to volcanic formations, if we find a stratum 
rftuff or ejected matter, or a stream of lava covering 
udimentary strata, we may infer, with confidence, i 
that the igneous rock is the more recent ; but, on the i 

hand, the superposition of aqueous deposits to a 
nlcsnic mass does not always prove the former to 

newer origin. If, indeed, ve discover strata of tuff I 
vith imbedded shells, or, as in the Vicentine and other 
places, rolled blocks of lava, with adhering shells and' 
wals, we may then be sure that these masses of voL . 
(Wic origin covered the bottom of the sea before the ! 
n^rincumbent strata were thrown down. But, aa.J 
laia rbes from below, and does not always reach the.i 
Rubce, it may sometimes penetrate a certain number ■ 
of strata, and then cool down, so as to constitute a'| 
ulid mass of newer origin, although inferior in posi* - 
■ioD. It is, for the most part, by the passage of veins ) 
poceeding from such igneous rocks through ( 
' tiguous sedimentary strata, or by such hardening and J 
Mlier alteration of the overlying bed, as might be ex- i 
! pected to result from contact with a heated mass, that we { 
■K enabled to decide whether the volcanic matterwa 
pfeviously consolidated, or subsequently introduced. 

Proofs by included Fragmenls of older Rocks. 

A geologist is sometimes at a loss, after invest!-' 
; a district composed of two distinct formations, 4 
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to (letennine the relative ages of each, from want of 
aections exhibiting their superposition. In mch c 
another kind of evidence, of a character no less 
elusive, can sometimes be obtained. One group of 
strata lias frequently been derived from the degrada- 
tion of another in tlie immediate neighbourhood, and 
may be observed to include within it fragments of sQch 
older rocks. Thus, for example, we may find cbalt 
with flints ; and, in another part of the same country, 
a distinct series, consisting of alternations of clay, 
Band, and pebbles. If some of these pebbles condBt 
of flints, with fossil shells of the same species as those 
in the chalk, we may coniidcntly infer, that the chilk 
is the oldest of the two formations. 

I remarked, in the second chapter, that some gra- 
nite must have existed before the most ancient of our 
secondary rocks, because some of the latter conoin 
rounded pebbles of granite. But for the existence pf 
Buch evidence, we might not have felt assured that»!l 
the granite which we see was not protruded freiti 
below in a state of fusion, subsequently to the origiB of 
tbe secondary strata. 

Proofs of contemporaTieous origin derived from 

Mineral characters. 
When WG have established tlie relative age of two 
formations in a given place, from direct superposidoDi 
or by other evidence, a far more difficult task reraant, 
to trace tlie continuity of the same formation, ot, h 
other cases, to find means of referring detached groi^ 
of rocks to a contemporaneous origin. Such identi' 
fications of age are chiefly derivable from two sonrceBi 
—mineral character and organic contents ; hut the 
Bt skill and caution are required in the applicji'ii''' 
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of these tests, for scarcely any general rules can be 
laid down respecting eitlier, that do not admit of im- 
rtant exceptions. 

tain periods of the past, rocks of peculiar 
iposition had been precipitated simuitane- 
ipon the floor of fin " universal ocean," so as to 
the whule earth in a succession of concentric 
:he determination of relative dates in geology 
it have been a matter of the greatest simplicity. 
'IV) explain, indeed, the phenomenon would have been 
difficult, or, rather, impossible, as such appearances 
iroDid have implied a former state of the globe, 
without any analogy to that now prevailing. Suppose, 
for example, there were three masses extending over 
every continent, — the upper of chalk and cliloritic 
sand; the next below, of blue argillaceous limestone; 
and the third and lowest, of red marl and sandstone ; 
we must imagine that all the rivers and currents of the 
world had been charged, at tlie first period, with red 
mud and sand; at the second, with blue ealcareo- 
argillaceous mud; and at a subsequent epoch, with 
chalky sediment and chloritic sand. 

But, if the ocean were universal, there could have 
been no land to waste away by the action of the sea 
and rivers, and, therefore, no known source whence 
the homogeneous sedimentary matter could have been 
derived. Few, perhaps, of the earlier geologists went 
flo far as to believe implicitly in such universality of 
formations, but they inclined to an opinion, that they 
were continuous over areas almost indefinite ; and since 
such a disposition of mineral masses would, if true, 
have been the least complex, and most convenient for 
the purposes of classification, it is probable that a 
iMtef m its reality was often promoted by the hope 



DETERMINATION OF THE 






) find 



I tisat it might prove true. As to the objection, thai 
BUd) an arrangement of mineral masGee could never 
[ result from any combination of causes now in action, 
Lit never weighed witlk the earlier cultivators of die 
■ science, since thej indulged no expectation of being 
(.ever able to account far geological phenomena by rfr 
! to the known economy of nature. On ihe 
B.contrary, they set out, as we have already seen, wilh 
Xlhe assumption that the past and present conditions of 
W&e planet were too dissimilar to admit of exact c 
I p&rlson. 

But, if we inquire into the true compositioi 
iny stratum, or set of strata, and endeavour to pui 
I these continuously tlirough a country, i 
L that the character of the mass changes gradually, and 
I becomes at length so different, that we should never 
I have suspected its identity, if we had not been enabled 
I to trace its passage tronn one form to another. 

We soon discover that rocks dissimilar in mineral 
I composition have originated simultaneously: we find* 
I moreover, evidence in certain districts, of the recur- 
rence of rocks of precisely the same mineral character 
at very different periods ; as, for example, two fonn- 
I ations of red sand-stone, with a great series of other 
I strata intervening between them. Such repetitiona 
I might have been anticipated, since these red sand- 
' Etones are produced by the decomposition of granite, 
and mica-schist; and districts composed ei- 
I dusively of tliese, must again and again be exposed 
I to decomposition, and to the e 
f water. 

But, notwithstanding the i 
to in the composition of one c 
many rocks retain the same homogeneous ^tructuie 
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before alluded 
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and composition throughout considerable areas, and 
frequently, after a chiinge of mineral character, pre- 
»erve their new peculiarities throughout other tracts 
of great extent. Thus, for example, we may trace a 
limestone for a hundred tnilcs, and then observe thai 
it becomes more arenaceous, until it finally passes 
into sand or sandstone. V>"e may then follow the 
last-mentioned formation throughout another district 
B extensive as that occupied by the limestone first 
examined. 

Proofi of coHlemporaneovs origin derived from organic 



E devoted several chapters in the last book to show 
['the habitable surface of the sea and land may be 
into a considerable number of distinct pro- 
each peopled by a peculiar assemblage of 
9 and plants, and I endeavoured to point out the 
I of these separate divisions. It was shown that 
is only one of many causes on which they 
and that dilTerence of longitude, as well as 
is generally accompanied by a dissimilarity 
of indigenous species of organic beings. 
As dilTerent seas, therefore, and lakes are inha- 
„biled, at the same period, by different species of 
; animals and plants, and as the lands adjoining 
may be peopled by distinct terrestrial species, 
■ that distinct organic remains arc imbedded 
h contemporaneous deposits. If it were otherwise 
— if the same species abounded in every climate, or 
even in every part of the globe where a corresponding 
temperature, and other conditions favourable to their 
existence, were found, the identification of mineral 
of the same age, by means of their included 
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c GODtents, would be a matter of much greater 

icility. But, fortunately, the extent of the same 

jolugical provinces, especially those of marine ani- 

s very great ; so that we are eDtitled to expect) 

analogy, that the identity of fossil speciei, 

hroughout large areas, will otlen eaable us to connect 

Dgether a great variety of detached formations. 

Thus, for example, it will be seen, by reference to 

|>tbe second book, that deposits now forming in different 

irts of the Mediterranean, as in the delus of the 

iLhone and the Nile, are distinct in mineral com- 

Ktition; for calcareous rocks are precipitated from 

■B of the former river, while pebbles are car- 

Eriedinto its delta, and there cemented, by carbonateoC 

me, into a conglomerate ; whereas strata exclusiTely 

f soU mud and fine sand are formed in the Nilotic 

1, The Po, again, carries down line sand and mud 

the Adriatic ; but since this sediment is derived 

I the degradation of a different assemblage of 

mountains from those drained by the Rhone or the 

e may safely assume that there will never be 

a exact identity in their respective deposits.* 

If we pass to another quarter of the Mediterranean. 

1, for example, to the sea on the coast of Campania. 

r near the base of Etna in Sicily, or to the Grecian 

t archipelago, we find in all these localities that distind 

combinations of rocks are in progress. Occasional 

I ahowers of volcanic ashes are falling into the sea, and 

I streams of lava are overflowing its bottom; and in 

I tile intervals between volcanic eruptions, beds of sand 

I and clay are frequently derived from the waste of 

J cliffs, or the turbid waters of rivers. Limestones, 

i moreover, such as the Italian travertins, are here and 



' Vol. 1. i>va*o>a*i.a«. 
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there precipitated from the waters of mineral springs, 
vhile shells and corals acciimalate in various localities. 
Yet the entire Mediterranean, where the above- 
mentioned formations are simultaneously in progress, 
may be considered as one zoological province ; for, 
although certain species of testacea and eoophytes 
may be very local, and each region may probably 
have some species peculiar to it, still a considerable 
number are common to the whole sea. If, therefore, 
at some future period, the bed of this inland sea 
should be converted into land, the geologist might be 
enabled, by reference to organic remains, to prove the 
contemporaneous origin of various mineral masses 
throughout a space equal in area to a great portion 
of Europe. ITie Black Sea, moreover, is inhabited by 
80 many identical species, that the deltas of the 
Danube and the Don might, by the same evidence, 
be shown to have originated simultaneously. 

Such identity of fossils, I may remark, not only 
enables us to refer to the same era, distinct rocks 
widely separated from each otlier in the horizontal 
plane, but also others which may be considerably dis- 
tant in the vertical series. Thus, for example, we may 
find alternating beds of clay, sand, and lava, two thou- 
sand feet in thickness, the whole of which may be 
proved to belong to the same epoch, by the specific 
identity of the fossil shells dispersed throughout the 
whole series. 

The reader, however, will perceive, by referring 
to what was before said of zoological provinces ■, that 
they are sometimes separated from each other by 
very narrow barriers, and for this reason contiguous 
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rockfi may be formed at the same timci difTering widely 
both in mineral cnntenls and organic remains. Thus, 
for example, the testacea, zoophytes, and fish of the 
Hed tiea are, as a group, very distinct from those 
inhabiting the adjoining parts of the iMediterranean, 
although the two seas are only separated by the nar- 
row isthmus of Suez. Calcareous formations have 
accumulated, on a great scale, in the Red Sea, in 
modern times', and fossil shells of existiag species 
are well preserved therein ; and we know that, at the 
mouth of the Nile, large deposits of mud are amassed, 
including the remains of Mediterranean species. 
Ilience it follows that if, at some future period, the 
Bed of the Red Sea should be laid dry, the geologist 
Hoight experience great difficulties in endeavouring to 
■btcerCain the relative age of these formations, vrhidi, 
Blthough dissimilar both in organic and mioeral cha- 
Bactcrs, were of synchronous origin. 
m But we must not jbrgct that the north-western 
Bhores of the Arabian Gulf, the plains of Egypt, and 
mhe isthmus of Suez, are all parts of one province of 
mkrreitrial species. Small streams, therefore, occa- 
■Kional land-floods, and those winds whicli drift cloudi 
nf sand along the deserts, might carry down into the 
■Red Sea the same shells of fluviatileand land testacea, 
nrhich the Nile is sweeping into its delta, together 
■krith some remains of terrestrial plants, whereby the 
Keroups of strata, before alluded to. might, notwith- 
standing the discrepancy of their mineral composition, 
Bnd marine organic fossils, be shown to have belonged 
■b the same epoch. 
B In like manner, the rivers which descend into the 

^^U * See chap. x. 
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Caribbean Sea and Gulf of Mexico on one side, and 
into the Pacific on the other, carry down the same 
fluviatile and terrestrial spoils into seas which are 
inhabited by different groups of marine species. 

But it will much more frequently happen, that the 
coexistence of terrestrial species of distinct zoological 
and botanical provinces will be proved by the specific 
identity of the marine organic remains which inhabited 
the intervening space. Thus, for example, the distinct 
terrestrial species of the south of Europe, north of 
Afirica, and north-west of Asia, might all be shown to 
have been contemporaneous, if we suppose the rivers 
Sowing from those three countries to carry the remains 
of ditTerent species of the animal and vegetable king- 
doms into the Mediterranean. 

In like manner, the sea intervening between the 
northern shores of Australia and the islands of the Indian 
ocean contains a great proportion of the same species of 
corallbes and testacea, yet the laTul animals and plants 
of the two regions are very dissimilar, even the islands 
nearest to Australia, as Java, New Guinea, and others, 
being inhabited by n distinct assemblage of terrestrial 
species. It is well known that there are calcareous 
rocks, volcanic tuif, and other strata in progress, in dif- 
ferent parts of these intermediate seas, wherein marine 
organic remains might be preserved and associated 
with the terrestrial fossils above alluded to. 

As it frequently happens that the barriers between 
different provinces of animals and plants are not very 
strongly marked, especially where they are determined 
by differences of temperature, there will usually be a 
passage from one set of species to another, as in a sea 
extending from the temperate to the tropical zone. In 
tiisU cases, we may be enabled to prove, by the fossila 
o 3 
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flf intermediate deposits^ the connexion betn-een iLe 

distinct provinces, since lliese intervening spaces will 
inhabited by manj species, commoD both to the 
temperate and equatorial seas. 

)n the otlier hand, we may be sometimes able, by 

I aid of a peculiar homog-eneous deposit, to prove the 

iier coexistence of distinct animals and plants in 

I distant regions. Suppose, for example, that in the 

■ course of ages the sediment of a river, like that of die 

. Bed River in Louisiana, is dispersed over an area 

' several hundred leagues in length, so as to pass frmn 

the tropics into the temperate zone, the fossil remiini 

[ imbedded in red mud might indicate the different form 

' irhtch inhabited, at the same periwl, those remote re* 

[ions of the earth. 

It appears, then, that mineral and organic charactert. 

I although oflen inconstant, may, nevertheless, enable us 

1 to establbh the contemporaneous origin of formations 

1 distant countries. The same species of orgsaic 

beings probably extend over wider areas than deposit* 

I of homogeneous compos ition, and if so they will be 0^ 

' more importance in geological classification even lbu> 

I mineral peculiarities ; but it fortunately may happBii 

that where the one criterion fails, we may often anil 

ourselves of the other. Thus, for example, sedimeD' 

] tary strata are as likely to preserve the same colour 

f and composition in a part of the ocean reacliing ftoDi 

I the borders of the tropics to the temperate zone, as i^ 

any other quarter of the globe ; but in such spaces tb^ 

variation of species is always most considerable. 

n conclusion, it may be observed, that in ende»" 
I Touring to prove the contemporaneous origin of strat* 
■emote countries by organic remains, we must fort** 
L our coDcIusioQS from a great number of species, sinC^ 
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a single species may be enabled to survive vicissitudes 
in the earth's surface, whereby thousands of others are 
exterminated. When a change of climate takes place, 
some may migrate and inhabit other latitudes, and so 
abound there, as to become characteristic in those 
regions of strata of a subsequent era« 



o 4 
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I or proximity of the two eras. We might, 
perhaps, draw some conclusions ns to relative antiquity, 
if we could compare each of the two fonnationa to i 
third; as, for example, if the species of shells should 
be almost all identical with tliose now living, while 
the plants and vertebr-ated animals were all extiocti 
for we might then infer tliat the shelly deposit was ihe 
most recent of the two. But in this case the inform- 
ation would flow, from a direct comparison of the spe- 
cies of corresponding orders of the animal andvegctsble 
kingdoms, — of plants with plants, and shells witb 
shells ; the only mode of making a systematic u- 
rangement by reference to organic remains. 

Although the bones of mammalia in the tertiary 
strata, and those of reptiles in the secondary, afford ai 
instruction of the most interesting kind, yet the specie! 
are too few, and coiilined to too small a number of 
localities, to be of much value in characterizing the 
subdivisions of geological formations. Skeletons af£^ 
are by no means frequent in a good state of preserva- 
tion, and the science of ichth3'ology must be fcrthtr 
advanced, before we can hope to determine their ![«• 
cific character with precision.* The same may be 
■aid of fossil botany, notwithstanding the great progrM 
that has recently been made in that department ; wi 
even in regard to zoophytes, which are so much more 
abundant in a fossil state than any of the classes abate 
enumerated, we are still impeded in our endeavour to 
classify strata by their aid, in consequence of ih* 
emallness of the number of recent apecies which ha** 



* Sinco ihu firat edition of this Toltune wig 
number of M. Agossiz'i inToluible work c 
■ppcwvd. 
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been examined from those tropical seas where they 
occur in the greatest profusion. 

Fossil remains qflestaeea of chief importance. — ITie . 
testacea then are by far the most important class of ■ 
organic beings which have lefl: their spoils in the subal 
aqueous deposits ; and they have been truly said to be " 
the medals which nature has chiefly selected to record 
the history of the former changes of the globe. There 
is ecarcely any great series of strata that does not con- 
tain some marine or freshwater shells, and these fossils 
are often found so entire, especially in the tertiary 
formations, that when disengaged from the matrix, 
they have all the appearance of having been just pro- 
cured from the sea. Their colour, indeed, is usually 
wanting, but the parts whereon specific characters are 
founded remain unimpaired ; ajid though the animals 
themselves are gone, their form and habits can gene- 
rally be inferred from the shell which covered them. 

The utility of the testacea, in geological classifica-J 
tion, is greatly enhanced by the circumstance, thgtl 
■ome forms are proper to the sea, others to the 
and others to fresh water. Itivers scarcely ever fail (ofl 
carry down into their dehas some land shells, together 
with species which are at once fluviatile and lacustrineJ 
The Rhone, for example, receives annually, from th«^ 
Durance, many shells which are drifted in an enttraa 
state from the higher Alps of Dauphiny, and theicfl 
species, such as Sulimus monlanus, are carried dowi 
into the delta of the Rhone to a climate very difTerenf 
from that of their native habitation. The young her 
mit crabs may o^en be seen on the shores of thel 
Mediterranean, near the moutli of the Rhone, inhabit-fl 
lag these univalves, brought down to them from so greMl 
o 6 
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a distance.* At the aarne time that some freshwater 
[ snd land shells ore carried into the sea, other indi- 
[ vidiials of the same species become fossil in inland 
I lakes, and by this means we learn what speeies of iresh* 
I water and marine testacea coexisted at particular erai. 
I We also make out the connexion between various planti 
I and mammifers imbedded in those lacustrine deposits, 
I and the testacea which lived at the same time in the 
I ocean. 

There are two other characters of the moUusGOlU 
I animals whichrendertliecn extremely valuableinsettlil^ 
I chronological questions in Geology. The first of these 
vide geographical range, and the second (probs- 
l bly a consequence of the former), is the superior durs- 
if species in this class. It is evident that if the 
[ habitation of a species be very local, it cannot aid ui 
L greatly in establishing the contemporaneous origia of 
distant groups of strata, in the manner pointed out in 
the last chapter ; and if a wide geographical range be 
I useful in connecting formations fiir separated in spsc^ 
L the longevity of species is no less serviceable in eata- 
r blishing the relations of strata considerably distant from 
[ each other in point of time. 

I shall revert in the sequel to the curious liict, 
[ that in tracing back the series of tertiary deposits from 
lewer to the older, many existing species of 
I accompany us after the disappearance of all 
' ibssil remains of the recent mamnialia. We even 
I find the skeletons ofeKiinct quadrupeds in deposits 
n all the land and freshwater shells arc of living 
I apecies.-t- 



' M. Mircelde Serm pointed out this curio 
^ J viaited Mon^ellier, Julji, 1SS8. 

See Vol. I. p. 145. and Book IV. cbap. 1 
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NecsssUi/ of accurately determining species,— 
reader will already perceive that the systematic arrange- 
ment of strata, so far as it rests on organic remain^ 
must depend essentially on the accurate determinatioH^ 
of species, and the geologist must therefore have rej 
course to the ablest naturalists, devoted to the study ol 
certain departments of organic nature. It is Ecarceln 
possible that they who are continually employed in 
laborious investigations in the field, an 
the relative position and characters of mineral d 
should have leisure to acquire a profound knowledg 
of fossil osteology, coochology, and other branches 
zoological enquiry ; but it is desirable that, 
sciences they should become acquainted with the priniS 
ciples at least on which speciiic characters are deteM 
mined, and the habits of species inferred from theiQ 
peculiar forms. 

When the specimens of shells are in an imperfeO 
state of preservation, or happen to belong t 
in which it is difficult to decide on the spi 
cept the inhabitant itself be present, or when i 
other grounds of ambiguity arise, we must reject, i 
lay small stress upon, the evidence, 
our general results by false idea tihcat ions and analogiei 
We cannot do better than con sider the steps by whidi 
the science of botanical geography liaa reached i 
present stage of advancement, and endeavour tointro^ 
duce the same severe comparison of the specific c 
r^cters, in drawing all our geological inferences. 

SDBniVISIONS OF THE TERTIARY EPOCH. 

I shall now proceed to consider the subdivisions 
tertiary strata which may be founded on the results o 
a comparison of their respective fossils, and to %'a<i 
names to the periods to whicVi tl\ey may \ie s 
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I referred. But first it will be necessary to explain the 
difference between the tertiary phenomena and thoie 
described in tlie last two books. In the present work 
all those geological monuments are culled tertiary 
' which are newer than the secondary formations, and 
j which on the other hand cannot be proved to have 
originated since the earth was inhabited by man, 
Part of the changes, whether of the animate or in- 
I animate world, considered in t!ie preceding books, was 
I ascertained by historical testimony to have token place 
vithin the human epoch ; as, for example, the ac- 
cumulation of the newer portion of the deltas of the 
[ Po, Rhone, and Nile. Another part where history wm 
■ilent was proved to belong to the same epoch by the 
L evidence of the fossil remains of man or his works. 
LAII formations, whether igneous or aqueous, which can 
e shown by any such proofs to be of a date posterior 
l-to the introduction of man will be called RecenL Some 
ftauthors have applied the term contemporaneous in the 
I aame sense; but as this word is so frequently in use to 
^express the synchronous origin of distinct rocks of 
levery age, it would be a source of great inconvenience 
I and ambiguity if we were to confine it to a technicsl 
I meaning. 

The European tertiary strata may be referred lo 
[four successive periods, each characterized by con- 
Btaining a very different proportion of fossil shells of 
ftTW«n< species." These four periods will be called, 
I Newer Pliocene, Older Pliocene, Miocene,and Eocene. 

vestated in Uie preface that I lind conceived this idea of* 

burfald division in WiS, and found, on m; nOita to I'ariij in Keb. 

ElS39, ihM the discoveries ofM. Desnoyers (see Bookiv. ch«p. ji.) 

' id conGrmed (he dictinctne!>s in age o( the formatians of the 6rSf 

WmA second periods ; tis also that M. Deshajres had deduced f>0Di 

Wm WRipiirison of the fmatl ^huWi m \i\^ cqW^uio, On « 
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In the older groups we find an extremely small 
number of fossils identifiable with species noiv living* ; 
but as we approach the superior and newer sets, we 
6nd the remains of recent testacea in abundance. In 
DO instance whore we have an opportunity of observing 
two distinct formations in contact, the one superimposed 
upon the other, do we meet with an assemblage of or- 
ganic remains in the uppermost differing more widely 
from the existing creation than the fossils of the inferior 
group. If there is occasionally an apparent exception 
to the rule, it is only where the remains belong to 
distinct classes of the animal kingdom ; as, for example, 
where a deposit containing the bones of quadrupeds for 
the most part extinct, overlies a stratum in which the 
imbedded shells are mostly recent — such exceptions 
seem to point to a difference in the comparative du- 
ration of species in different classes, but do not in- 
validate the general proposition before laid down. 

Netoer Pliocene jieriod. — The latest of the four 
periods before alluded to ia that wliich immediately 

Ihat tliree Itrtiary periods might lie vstablishcd, Ihc third or most 
modem of wliich comprehended Che two last of my intended 
difisionB. By (he SBcisunce of 31. Deshayes, I was enabled, in 
■ former edition, to present in a tahulnr form the results obtained 
IVoTO an eiBmination of about eight thouund tertiary and recent 
idielh on which the classiRcuion adopted in this work has been 
founded. These tables have not been reprinted, fur reasons ei- 
plained in the preface. When I published my third voluma in 
1 8S3, I bad not studied the second volume of Profetisor Bronn's 
■•Journey in Italy," published in Dec. 1S31, in which he re- 
marks, that liie distincliTe character of the older as compared to 
the newer tertiary formations of Italy, consisted in (he much 
wmaller proportion of living species in the former. — Bronn'i 
Itnien, parlii. p. G7B. 
■ See p. 267 
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preceded the recent era. To this more modern period 
may be referred a portion of the strata of Sicily, the dis- 
trict round Naples, and several others lobe considered 
in the sequel. They are characterized by a great 
preponderance of fossil shells referable to species still 
living, and may be called the Newer Pliocene strata, 
the term Pliocene being derived from v^eibv major, 
and Kttit«! recens, as tlie major part of the fossil shelli 
are of recent species.* 

Out of 226 fossil species brought from the Sicilian 
beds above alluded to, M. Dcshayes found that no less 
tlian 216 were of species still living, and, for the most 
part, in the Mediterranean, whereas ten only were of 
extinct or unknown species. I do not imagine that an; 
of the groups referred to this period in tlie present 
work contain much more than the proportion of one 
in ten of extinct species of sheila. Nevertheless, the 
antiquity of some Newer Pliocene strata of Sicily, ai 
contrasted with our most remote historical eras, must 
be very great, embracing perhaps myriads of years.f 
There are no data for supposing that there is any 
break, or strong line of demarcation, between the strata 
and fossils of this and the Recent epoch ; but, on the 

• In Ihia and the other names wUith I hare adopted, it wOl b« 
Kcn that the nomenclature has always referenco to itie relaiin 
proportion of recent species in the fossils o{ eacb period. In (lie 
lertns Pliocene, Miocene, and Eoceniv the Greelt diphthongs n imi 
ai are changcJ into the Tovrels i and r, in confaruiity with Iht 
idiom of our language. My friend, the Rev. W. Whewell, to 
whom I bare been much indebted for assisting me in inienting 
and anglicizing these terms, reminds me that we have Enceniii 
an inaugural ceremony, derived from if and xmns, rvceni; lad 
as examples of (he conversion of ei into i, we bave icouliedroD. 

f See chapters 6, T, 8, and 9. 
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contrary, the monuments of the one seem to pass iorM 
sensibly into those of the other. 

Older Plioceae period. — The formations termedil 
Subapeonine in the north of Italy and in Tuscany 1 
contain among their fossil shells a large number which.l 
have been identified with living species. The propor-J 
tion of recent shells, even where least considerable,iJ 
usually approaches to one half. Out of 569 specieSjl 
examined from these strata in Italy, 238 were foun^ 
to be still living, and 331 extinct or unknown. Out oi 
111 &om the English crag, M. Deshayes determinec 
forty five, to be recent speeiefi, and sixty-six 
extinct or unknown. The relative position of theM 
Older Pliocene beds is explained io diagram No.54i 
p. 266. where they are designated by the letter^. 

The plurality of species indicated by the nam 
Pliocene must not in this instance be understood t 
imply an absolute majority of recent fossil shells 
cases, but a comparative preponderance whenever tl 
Older Pliocene are contrasted with strata of the period! 
immediately preceding. 

Miocene period. — This antecedent tertiary epoc]i:9 
I shall name Miocene, from ^eiuv, minor, and k 
recens, a small minority only of fossil shells imbeddedi 
in its formations being referable to Jiving species. Afleta 
examining 1021 Miocene shells, M. Deshayes foundl 
that 176 only were recent, being in the proportioal 
of rather less than eighteen in one hundred. 
there are a certain number of fossil species whicli J 
are exclusively confined to the Pliocene period, i 
also there are many shells equally cbaracteristiij 
of the Miocene. The species which pass from t" 
Miocene into the Pliocene period, or which ; 
common to both, arc in number 196, of wliich 114 a 
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liviag, and eighty-two extinct. The Miocene strata 
are largely developed in Touraine, and in the South 
of France near Bordeaux, in Piedmont, in the hasin of 
Vienna, and other localities, and their relative position 
has been shown In diagrams Nos. 53. and 54., where 
they are designated by the letter e. 

Eocene period. — The period next antecedent may 
be called Eocene, from ^u;, aurora, and wmtq, receD$, 
because the very small proportion of living specie) 
contained in these strata indicates what may be con- 
' aidered the first commencement, or datca, of the 
existing state of the animate creation. To this era 
the formations first called tertiary, of the Paris and 
London basins, are referable. Their position is shoTQ 
in the diagrams Nos. 55. and 54., letter d, in the le- 
cond chapter. 

The total number of fossil shells of this period 
dready known, wben the tables of M. Deshayes, before 
Alluded to, were constructed, was 1238, of wludi 
number furty-two only are living species, being nevlj 
in the proportion of three and a half m one hundred. 
Of fossil species, not known as recent, forty-two nere 
found to be common to the Eocene and Miocene 
' epochs. 

The present geographical distribution of tboM 
recent species which are found fossil in formations of | 
kuch high antiquity as those of the Paris and London ] 
basins, is a subject of the highest interest. In the 
more modem formations, where so large a proportion 
of the fossil shells belong to species still living, they 
also belong, for the most part, to species now inhabit- 
ing the seas immediately adjoining the countries where 
they occur fossil ; whereas the recent species, found 
in the older tertiary strata, are frequently inhabitaal^ 
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of distant latitudes, and usually of warmer climates. 
Of the forty-two Eocene species, which occur fossil " 
England, France, and Belgium, and wiiich are still 
living, about half now inhabit tlio seas within or near 
the tropics, and almost all the rest are inhabitants of 
the more southern parts of Europe. If some Eocene 
species still flourish in the same latitudes where they 
are found fossil, they are species which, like .Z^mna 
divaricata, are now found in many seas, even those of 
different quarters of the globe; and this wide geo- 
graphical range indicates a capacity of enduring a 
variety of external circumstances, which may enable a 
species to survive considerable changes of climate and 
other revolutions of the earth's surface. One £uviatile 
species (Melanin inqmnata), fossil in the Paris basin, 
is now known only in the Philippine islands, and, 
during the lowering of the temperature of the earth's 
surface, may perhaps have escaped destruction by 
migrating to the south. I liavc pointed out in the 
third book*, how rapidly the e^s of freshwater spe- 
des might, by the instrumentality of water-fowl, be 
transported from one region to another. Other Eocene 
species, which still survive and range from ihe tem- 
perate zone to the equator, may formerly have ex- 
tended from the pole to the temperate zone ; and what 
was once the southern limit of their range may now 
be the most northern. 

Even if geologists had not established several 
remarkable facts in attestation of the longevity of cer- 
tain tertiary species, we might still have anticipated 
that the duration of the living species of aquatic and 
terrestrial testacea would be very unequal. For it is 
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clear, that tliose which lictve a wide range, and inbbil 

many different regions and climates, may survive the 

influence of destroying causes, wliich might extirpate 

the greater part of sjiticies now their contemportriei- 

The increase of existing species, Qiid gradual dli- 

f appearance of the extinct, as we trace the series of 

lions from the older to the newer, is somewhat 

rBnalogous, as was before observed, to the fluctuation 

1 population such as might be recorded at euc- 

I cessive periods, from the time when tlie oldest oi' the 

viduals now living was born, to the prewnt 

I moment ; and tliose Eocene testacea which still flour- 

I may be said to have outlived several succeui*^ 

[ states of the organic world, just as Nestor survived 

L three generations of men. 

It appears, then, that tlic numerical proporlion of 
recent to extinct tpecies of fossil shells in the dill'erent 
tertiary periods may he thus expressed. — In the 



Older Pliocenu p^ 
Miocene period 
£ocene period 



. 3,5 to 60 per 
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ITie distribution of the fossil species from wkx^ 
I the above results were obtained by M. Deshayes *"* 
aa follows : 
In Uie rormntions of llic PUucvnc periods, older 
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Only seventeen species of shells were found to l>* 

»nimon to the three epochs, which may therefore l»* 

I laid to characterize the entire tertiary formations ^' 
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Enrope. Thirteen of them are species still llvin^J 
while four are only htown as fossil. The thirteeo.l 
living species are 

1. Dcalatium enlaliii. B. Polymorphina gibba. 

2- slrangulatuni. 9. Triloculina oblDnga. 

3. FinsurcIIa gr^ea. 10. Luclna divaricata. 

4. Bulla lignaria. 11. gibbosula. 

5. RUsoa cochlearella. 12. I^ocardia can 

6. Murex fistulosua. 13, Nucula raargaritacca. 



The four extinct species a 



I. Denlallii 
3. TonitttBl 



. Corbula 



These numbers, however, must merely be regarded 
U tlie results obtained from a careful examinatiou 
of the first groups which chance has thrown in, 
Mr way, or which lie in the most accessible parts ofj 
Europe. 

Many geologists are desirous of connecting divi- 
■ioDs such as these with sudden and violent inter- 
fwplions ill the ordinary course of events, and they 
■egard them as indicative of successive changes in 
Lhe organic world, accompanyijig revolutions equally 
iniportant in the physical geography of the earth*! 
surfece. But I have already attempted to show, that 
luch apparent breaks in the geological series may be 
accounted for partly by the mode in which the com- 
"lemorative processes operate*, partly by the removal 
irf strata by denudation, and that they arise, in part, 
irom the small progress which we have hitherto made 
m the discovery and study of such deposits 
preserved. 



' See p. 273. 
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From the experience of the last few years, we may 
l.anticipate tlie discovery of many intermediate grada- 
IitioDS between the boundary lines first drawn ; and if 
1 fcrmationB are brought to light intervening between the 
■ Eocene and Miocene, or between those of the last 
■,'})eriod and the Pliocene, we may still find an appro- 
E place for all, by forming subdivisions, oa the 
principle as that which has determined the 
■teparatioD of the lower from the upper Pliocaie 
groups. Thus, for example, we might have three 
K-'divisions of tJie Eocene epoch, — the older, middle, 
I and newer ; and three similar subdivisions, both of 
I the Miocene and Pliocene epochs. In that case, the 
I ibrmations of the middle period must be considered 
I the types from whicli the assemblage of orgfliuc 
f remains in tlie groups on both sides will diverge. 

Wlieii we institute a new genus in natural histofji 
ft sod intend it to occupy a place intermediate betveen 
I two genera previously established, as the genus 6, fiit 
I sample, between A and C, we select a particular 
I species h, as the generic type of B, and then deter- 
I nine to refer all other species to the same genus, pro- 
\ Tided they approach nearer to b than the types of A 
On comparing together the species of B, 'e 
I discover that they deviate in various ways and d^teei 
I fiom the typical species, some of them approaching 
B' oomewhat nearer to the characters of the genus A 
I which precedes, others to C which stands next, in the 
I leries. By due attention to these shades of difference 
I we may arrange all the congeners in order, according 
[ to their natural afEnities. 

In like manner, when we desire to class geologicil 
^ibrmations in a chronological series, we may lelect > 
I set of strata as 6, and consider it as typicsl 
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of a particdar period B. — We may then refer otht 
formations to B, if they resemble in their organic 
contents the normal group b more nearly than the type 
of the antecedent or subsequent epochs A and C. 
we may consider the strata which in departing slightl; 
from b approximate to A as being the older divisioi: 
of the period B, and those which depart from I 
type b in the direction of C as tlie newer deposits S 
the same era. 

In determining originally the order of succession e 
A, B, and C, we must be guided, as far as possible, b 
the evidence of superposition by which the relative 
age of the principal groups may generally be decided 
with certainty. 

It must not be inferred from any thing aboi 
advanced, that the four-fold division of the ti 
epoch is purely arbitrary, or that any other n 
of periods might in the present state of the s 
have been chosen with equal propriety. For, thougl 
it be true that zoological periods in geology life 
genera and orders in Natural History, are purely a 
ficial divisions ; yet we have at present no alternath 
but to accept those lines of separation which we i 
in the series of monuments first brought to li] 

It is a comparatively easy task to establish genei 
in departments of zoology and botany which have beet 
enriched with only a small number of species, . 
where there is as yet no tendency in one se 
racters to pass almost insensibly, by a multitude ( 
connecting links, into another. So, in geo" 
focilitiesof systematic arrangement are perhaps grea 
now than they will be hereafter, when we are undl 
the necessity of intercalating new periods betired 
those first established. 



r Sl'2 STDDIVISIOSS OF tEoitH" 

In conclusion, I may observe, that atthougli ihe 
f lapse of ages comprised within a single period is very 
1 much narrowed by the four-fold subdivision above ex- 
! plained, yet when all the Eocene or Miocene deposit! 
said to be contemporaneous, this term must be re- 
ceived with a good deal of latitude. Considerable 
r intervals of time may have elapsed without giving rise 
' to any marked distinction in the imbedded organic 
f remains. Suppose the growth of the delta of theNUe 
cease from this moment, and some new river U 
I begin to transport sediment into the Mediterraneaa at 
Kay other point and to form a delta, this last ftrni- 
1 Blion might contain the same fossils as the marine gni! 
fluviatile deposits of the Nile previously accumulated 
I jn Lower Egj-pt ; the difference at least might be so 
, trifling that future geologists would regard them u 
contemporaneous, if they followed the same rules of 
class iii cation as those laid down in this chapter. 

The recent strata form a common point of deparbat 

n all countries. — We derive one great advantage from 

I beginning our classification of formations by a com- 

I parison of the fossils of the more recent strata with tbe 

species now living, namely, the acquisition of > 

common point of departure in everyregion of the globe. 

Thus, for example, if strata should be discovered 

' in India or South America, containing the samesmaD 

\ proportion of recent shells as are found in the Paris 

in, tlieif also might be termed Eocene, and, on ara- 

logous data, an approximation might be made to the 

relative dates of strata placed in the arctic and tropiol 

r^ions, or the comparative age might be ascertained 

of European deposits, and those at Ihc antipodes. 

There might be no species common to tlie two groups; 

\ yet we might infer tWa B^tvc\HQ\i(jMa origia from the 
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common relation whicli ihey bear to tlie existing state I 
of the animate creation. We may alWwards avail I 
ouraelveB of tlie dates thus established, as eras to-l 
which the monuments of preceding periods muj" bel 
referred. 

Mammiferoug TOiwins of successive tertiary eTai.—M 
But although a thirtieth part of the Eocene testaceaf 
have been identified with species now living, none of! 
the associated mammiferous remains belong to specieif 
which now exist, either in Europe or elsewhere.^ 
Some of tliese equalled the horse, and others tlie rhUT 
noceros, in size, and they could not possibly haveJ 
escaped observation, had they survived down to c 
time. More than forty of these Eocene mammiferej 
are referrible to a division of the order Pac hy derma ta^B 
which has now only four living representatives on the] 
globe. Of these, not only the species but the geneni 
are distinct from any of those which have been estal>< 
lished for the classification of living animals. 

In the Miocene mammalia we find a few of thel 
generic forms most frequent in the Eocene Etrata| 
associated with some of those now existing, and 
the Pliocene we find an intermixture of extinct s 
recent species of quadrupeds. There is, therefor^ 
a considerable degree of accordance betwi 
results dedocible from an examination of the fos« 
teetacea, and those derived from the mammiferoui 
fossils. But although the latter are more ii 
id respect to the unequivocal evidence afforded t 
them of the extinction of species, yet, for reasoni 
before explained, they are of comparatively t 
value in the general classification of strata in g 
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We liave seen that the imbedding of mammiferoui 
remainH depends on rare casualties, and that they are, 
for tlie most part, preserved in detached aliuviooi 
covering the emerged land, or in osseous brecciai 
and stalagmites formed in caverns and fissures, c 
' isolated lacustrine fornnatiotis.* These fissures pad 
I caves may probably have remained open during s 
cessive geological periods ; and the alluvions, spread 
over the surface, may have been disturbed, again i 
again, until the mammalia of successive epochs n 
mingled and confounded together. Hence we must 
be careful, when we endeavour to refer the rei 
of mammalia to certain tertiary periods, that we at- 
certain, not only their association with teatacea of 
which the date is known, but, also, that the rcmsin! 
were intermixed in such a manner as to leaee m 
doubt of the former co-existence of the species. 

In the next page will be found a Synoptical Table 
of the Recent and Tertiary Formations alluded to in f 
this chapter. 
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CHAPTER VI. 



considering, in tbe first place, the more nwdm 

Geological structure of Sicily — Fonnations of lit 

I'aldi NoLo — Diviable Jnu three groups — Great limoloH 

- Schistose and arenacBOUS limestone — Blue marl with rixUt 

— Strata subjacent to the above— Volcanic nicfca oT the Vil Ji 
Nolo — Dikes — Tufta and PepcHnos —Volcanic congloB^ 

roofs of long intervals between volcanic eniptioit— 
Dip and directioa of nener Pliocene strata of Sicil;. 

G endeavoured, in the last chapter, to explain 
l-die principles on which the different tertiary fonrt- 
Fations may be arranged in chronological order, I etult 

■ now proceed to consider in detail the newest diviEiaiv 
f or that which has been named the newer Pliocene. 

It may appear, to some readers, that I reverw 

be natural order of historical research by titoi 

LUeBcribing, in the first place, the monuments of i 

Ijteriod which immediately preceded our own era, 

I knd then passing to the events of antecedent agflt 

■ But, in the present state of our science, this rettO> 
■.Apective order of inquiry is the only one which cm 
1 conduct us gradually from the known to the unkoowD) 
I from the simple to the more complex phenomena. 1 
I have already explained my reasons for commenciDg 
I irith an examination, in the last two books, of die 
I events of the recent epoch, from which the greater 
I number of rules of interpretation in geology may be 
f derived. The formations of the newer Hiocene period 
I wUl be considered nexl in mict, ^leca'o.t.e Uveae haie 
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GEOLOaiCAL STRUCTURE OK SICILY. 3Ii 

undei^one the least degree of alteration, both in 
position and internal structure, subsequently to their 
origin. They are monuments of tvhich tiie characters 
are more easily deciphered than those belonging to 
more remote periods, for they have been less mutilated 
by the hand of time. The organic remains, more es- 
pecially of this era, are most important, not only as 
being in a more perfect state of preservation, but also 
as being chiefly referrible to species now living ; so 
that their habits are known to us by direct comparison, 
tnd not merely by inference from analogy, as in the 
case of extinct species. 

Geological stnietuTB of Sicily. — I shall first de- 
scribe an extensive district in Sicily, where the newer 
Pliocene strata are largely developed, and where they 
are raised to considerable heights above the level of 
the sea. After presenting th'e reader with a view of 
these formations, I shall endeavour to explain the 
manner in which they originated, and shall speculate 
on tlic subterranean changes of which their present 
position affords evidence. 

The island of Sicily consists partly of primary and 
secondary rocks, which occupy, perhaps, about two 
thirds of its superficial area ; aqd the remaining part 
is covered by tertiary formations, which are of great 
extent in the southern and central parts of the island, 
while portions are ibund bordering nearly the whole of 
the coasts. 

Formations of the Vol di IVoto. — If we first turn 
our attention to the Val di Noto, a district which inter- 
venes between Etna and the southern promontory of 
Sicily, we find a considerable tract, containing within 
it hills which are from one to two thousand feel in 
iieight, entirely composed of limestone, marl, sandt-s 
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' BtoDe, and associated volcanic rocks, which belong to 
[ the newer Pliocene era. The recent shells of lie 
I Mediterranean abound throughout the sedinieiitirj 
:a, and there are abundant proofs that the ^eout 
I rocks were the produce af successive submarine erop- 
I tions, repeated at intervals during the time when the 

subaqueous formations u^ere in progress. 

These rising grounds of the Val di Noto are sepv- 
[ Kted JVom the cone of Etna, and the marine atntl 
I whereon it rests, by the low level plain of Catania, 
i just elevated above the level of the sea, and watered 
1 by the Simeto. The traveller who passes from 
r Catania to Syracuse has an opportunity of observing, 
r on the sides of the valley, many deep sections of the 
L RiDdem formations above described, especially if lis 
es a slight detour by Sortino and the vall^ of 
r Fentalica. 

The whole series of strata, in the Val di Noto, » 
I divisible into tliree principal groups, exclusive of th« 
[ Msociated volcanic rocks. The uppermost mass con- 
I lists of limestone, which sometimes aci^uires the 
I Miormous thickness of seven or eight hundred feet, 
r below which is a series much inferior in thickness, 

consisting of a calcareous sandstone, conglomerate aod 
I schistose limestone, and beneath this again, blue marl. 

The whole of the above groups contain shells and 
1 zoophytes, nearly all of which are referrible to Gpeciei 
low inhabiting the contiguous sea. 
Great liraestone formation (a, diagram No. 55.).— 
Y In mineral character this rock often corresponds to the 
[ yellowish white building-stone of Paris, well known 
' by the name of Calcaire grassier, but it often pauet 

into a much more compact stone. In tlie deep m- 

vine-like valleys of SorvVcio %nA Pentslica^ it is seen 
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in nearly horizontal strata, aa solid and as regularly 1 
bedded as the greater part of oiir ancient secondary 1 
formations. It abounds in natural caverns, which * 
ia many places, as in the valley of Pentalica, have I 
been enlarged by artificial excavations. 

No. 55. Syracuse. GirgenLi. 




itODCof Vald[ Nolo. 



White lonunated marl. 

Blue clay and gypsum, &c. 

The shells in the limestone are often very indistinct^! 
sometimes nothing but casts n 
localities, especially where there is a slight intermixture 
of volcanic sand, they are more entire, and, as 1 havel 
already stated, can almost alt be identified with recent t 
Mediterranean tcstacea. Several species of the genus I 
Pecten are exceedingly numerous, particularly the I 
large scallop (P. Jacobins), now so common o 
coasts of Sicily. The shells which I collected from j 
this limestone at Syracuse, Villasmonde, Militello (V. 
di Noto), and Girgenti, have been examined by M. 
Deshayes, and found, with three or four exceptions, 
to be all referriblc to species now living.* 

* I procured at Villasniande, seve n species ; at MiUteUo, ten -, 

IB the iicaeatone of Girgenti, of which the aTic\enl. Urav^ei hi 

P 4. 
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The mineral characters of this great calcareoui 
I formation vary considerably in different parts of the 
I islaud. In the south, near the town of Noto, the rock 
t puts on the compactness, together with the spheroidal 
I concretionary structure, of some of the Itahan trs- 
I vertins. At the same place, also, it contains the leaves 
I of plants and reeds, as if a stream of fresh water, 
( charged with carbonate of lime and terrestrial vege- 
L table remains, had entered tJie sea in the neighbour- 
Lhood. At Spaccaforno, and other places in the south 
I of Sicily, a similar compact variety of the limestone 
r occurs, where it is for the most part jmre white, often 
f very thick bedded, and occasionally without any line) 
(' af stratification. This hard white rock is often four 

T five hundred feet in thickness, and appears to con- 
F tain no fossil shells. It has much the appearance of 
I having been precipitated from the waters of mineral 
I springs, such as frequently rise up at the bottom of 
sea in the volcanic regions of the Mediterranean. 
J As these springs give out an equal quantity of mineral 
I matter at all seasons, they are much more likely to 
f give rise to unstrattiied masses, than a river which 
[ is Bwoln and charged with sedimentary matter of dif- 
ferent kinds, and in unequal quantities, at particulai 
I seasons of the year. 

The great limestone, above mentioned, prevails 

lot only in the Val di Noto, but reappears in the 
I centre of the island, capping the hill of Castrogio- 
r vanni, at the height of three thousand feet above the 



>, twenly-Bii species; in the limcsl 
[ alio belonging to the newer Pliorei 
1 ipecies, the names of whicli were pu 

Former edition. 



and subjacent clay at Sjr>- 
lone Bllil tlay near Palenna, 
le rormation, one faundred 
blisbed in Appendii 11. of 
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level of the sea. It is cavernous there, as at Sonioo 
and Syracuse, and contains fossil sliells and casts of 
shells of the same species.* 

Schigtote and arenaceous limestone, Sjc. (J, diagram 
No. 55.). — Tile limestone above mentioned passes 
downwards into a white calcareous sand, which has 
sometimes a tendency to an oolitic and pisolitic struc- 
ture, analogous to that before described when speaking 
of the travertin of Tivoli, f At Floridia, near Syra- 
cuse, it contains a sufficient number of small calcareous 
pebbles to constitute a conglomerate, where also beds 
of sandy limestone are associated, replete with nu- 
merous fragments of shells, and much resembling, in 
structure, tlie English corn-brash. A diagonal lamina- 
tion is often observable in tite calcareous sandy beds 
analogous to that represented in the first volume 
(p. 372, diagram No. 7.), and to that exhibited in many 
sections of the English crag. J 

In some parts of Sicily, tills sandy calcareous di- 
vision, b, seems to be represented by yellow sand, 
exactly resembling that so frequently superimposed on 
the blue shelly marl of the Subapennines in the 
Italian peninsula. Thus, near Grammichele, on the 
toad to Caltagirone, beds of incoherent yellow sand, 
teveral hundred feet in thickness, with occasional 
layers of shells, repose upon the blue shelly marl of 
Caltagirone. 

When we consider the arenaceous character of this 
fammtion, the disposition of the laminas, and the 
broken sheUs sometimes imbedded in it, it is difficult not 

• Dr. Daiibcny correclly idenlilied Ihe Val di Nolo limestone 
•f SyTEcuse wiih that of llic summit of Castrogiov 
W- Phil. Journ., No. nv- p. 107. July, 1825. 
J^oL I. p. 308. ^ Sue chttp. 
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to suspect that it was formed in shallower water, sod 
nearer the action of superiiciai currents, than the 
superincumbent limestone, which wits evidently ac- 
cumulated in a sea of considerable depth. If «« 
adopt tliis view, we must suppose a subsidence of the 
bed of the sea, suhsequent to the deposition of the 
arenaceous beds in the Val di I^oto, 

Blue marl with shells (c, diagrams Nob, 55, 56.).— 
Under the sandy beds, last mentioned, is found an Bi^ 
laceous deposit of variable thickness, called Crelait 
Sicily. It resembles the blue marl of the Subapenniae 
htltg, and, like it, encloses fossil shells and corals in s 
beautiful state of preservation. Of these I collected! 
great abundance from tb e clay, on the south side of the 
harbour of Syracuse, and twenty species in the envi- 
rons of Caltanisetta, all of which, with three exceptionu, 
M. Deshayes was able to identify with recent speciei. 
From similar blue marl, alternating with yellow s&ai, 
n Caltagirone, at an elevation of about five hundred 
feet above the level of the sea, I obtained forty spcdei 
of shells, of which all but six were recognized as iden- 
tical with recent species.* The position of thisaifil- 
laceous formation is well seen at Castrogiovanni anil 
Girgenti, as represented in the sections, diagrams Not 
55, 56. In both of these localities, the limestone of tbe 
Val di Noto reappears, passing downwards into a cal- 
careous sandstone, below which is a shelly blue clay- 

Strata beTieatk the blue marl. — The clay rests, in 
both localities, on an older series of white and bhK 
marls, probably belonging to the tertiary period, but of 
which I was unable to determine the age, having prff- 

* LisM of these sliclls were givcu in Appendii II. of tbt br- 
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cured from it no organic remains save the skeletons 
of fish which I found in the white thinly laminated 
marls. * 

These marls are sometimes gypseous, and belong to 
a great argillaceous formation which stretches over a 
considerable part of Sicily, and contains sulphur and 
salt in great abundance. The strata of this group have 
been in some places contorted in the most extraordi- 
nary manner, their convolutions often resembling those 
seen in the most disturbed districts of primary clay 
slate. 

But I wish, at present, to direct the reader's exclu- 
sive attention to strata decidedly referrible to the newer 
Pliocene era, and I have yet to mention the igneous 
rocks associated with the sedimentary formations al- 
ready alluded to. 

Volcanic Rocks of the Vai di Noto. — The volcanic 
rocks occasionally associated with the limestones, sands, 
and marls already described, constitute a very promi- 
nent feature throughout the Vol di Noto. Great con- 
fusion might have been expected to prevail, where lava 
and ejected sand and scoria are intermixed with the 
marine strata, and, accordingly, we find it often im- 
possible to recognize the esact part of the series to 
which the beds thus interfered with belong. 

Sometimes there are proofs of the posterior origin 
of the lava, and sometimes of the newer date of the 
stratified rock, for we find dikes of lava intersecting 
both the marl and limestone, while, in other places, 

* I found Ibese faaii] Hah ia greiit abuDilancc on the road, hair 
a miJe norlh-weBC of RaduEa, on ray way to Castrogiavanni, 
where the marls are fetid, and near Castrogiovtuini in gypseous 
nulls, at the mile-slone No. 8S., and between ftito wii'Sti. ii^. 
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calcareous beda repose upon lava, and are unaltered at 

the point ofconlact. Thus the shelly limestone of Capo 
< Santa Croce rests in ])orizonta1 strata upon a mass of 
h'lBva, which had evidently been long exposed to the 
KKtion of the waves, so that the surface has been worn 
RBerfectly smooth. The limestone is unchanged at its 
Bunction with the igneous rock, and incloses within it 
Kebbles of the lava.* 

H The volcanic formations of the Val di Noto usually 
^BODsist of the most ordinary variety of basalt with or 
Kritbout olivine. The rock is sometimes compact, oflen 
■very vesicular. The vesicles are occasionally empty, 
■both in dikes and currents, and are in some localities 
HGUed with calcareous spar, arragonite, and zeolites. 
KThe structure is, in some places, spheroidal, in others, 

■ though rarely, columnar. I found dikes of amygdaloid^ 
riTBcke, and prismatic basalt, intersecting the limestone 
r tit the bottom of the hollow called Gozzo degli Martiri, 
r below Melilli. 

■ Dikes. — Dikes of vesicular and amygdaloidal lava 
I tre also seen traversing peperino, west of Palagonia, 
K near a mill by the road side. 

■ In these cases we may suppose the peperino to have 
Fretulted from showers of volcanic sand and scorise, 
Pt<^ether with fragments of limestone thrown out by 
W a submarine explosion, similar to that which lately gave 

■ me to the volcanic island ofTSciacca. When the mass 

■ iras, to a certain degree, consolidated, it may have been 
I rent open, so that the lava ascended through fissures, 
W the walls of which were perfectly even and parallel 
k After the melted matter that filled the rent in No. 57. 



• This locality is described by Proftssor Hoffmann, Archiv I 
lalqpe, &C. BerliB, 1831. 



had cooletl down, it must have been fractured and 
shifted horizontally by a lateral movement. 

No. 57. No. 5R. 




In tlie second figure, No. 58., the lava has more 6 
appearance of a vein which forced its way through the 
peperino, availing itself, perhaps, or a slight passage 
opened by rents caused by eartliquakes. Some of the 
pores of the lava, in these dikes, are empty, while others 
&re filled with carbonate of lime. 

The annexed diagrams (No3. 57. and 58.) represent j 
a ground plan of the rocks as they are exposed to vie* 
on a horizontal surface. It is highly probuble tha 
siinilar appearances would be seen, if we could cxani' ^ 
ine the floor of the sea in that part ofthe Mediterranean ] 
where the waves have recently washed away the new 
volcanic island; for when a superincumbent mass of 
ejected fragments has been removed by denudation, 
we may expect to see sections of dikes traversing tuff, 
or, in other words, sections of the channels of com- 
munication by which the subterranean lavas reached 
the surface. * 

On the Buminit of the HineBtone p\at,?onn ot 'ftvfcNs^iA 
■^ • See Vol. 11, p. H8. 
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Noto I more than once saw analogous dikeS) not only 
of lava but of volcanic tuff, rining vertically through 
the horizuntui strata, and having no connection with 
any igneous masses now spparent on the surface. In 
regard to the dikes oftiiffor peperino, we may suppoec 
them to have been open fissures at the bottom of the 
sea. into which volcanic sand and scorio! were drifted 
by a current. 

Tuffs aiid Peperims. — In the hill of Novera, be- 
tween Vizzini and Militelli, a mass of limestone, 
horiKontolly stratified, comes in contact with inclined 
strata of tuft' (see diagram No. 59.) while a mixed cal- 
No. ia. 
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Calcareous breccU 
fragmenlti of lava. 
BlKck tutr. 
Tufl: 



careous and volcanic breccisi a a, supports the m- 
clincd layers of tuff, c. The vertical fissure, b b, a 
filled with volcanic sand of a different colour. An 
inspection of this section will convince the reader that 
the limestone must have been greatly dislocated during 
the period of the submarine eruptions. 

At the town of Viiizini a dike of lava intersects the 
argillaceous strata, and converts them into siliceous 
schist, which has been contorted and shivered into an 
immense number of fragments. 

1 have stated that the b«ds of limestone, clay, and 
sand, in the Val di Noto, are often partially intermixed 
with volcanic ejections, such as may have been shoir- 
ered down into the sea during eruptions, or may have 
been swept by rivers from the land. When the volca 
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matter predominateB, these compound rocks constitute 
the peperinos of the Italian mineralogists, some of 
whidi are highly calcareous, full of shells, and ex- 
tremely hard, being capable of a high polish like 
marble. In some parts of the Val di Noto they are 
variously mottled with spots of red and yellow, and 
contain small angular fragments, similar to the lapilli 
thrown from volcanos. 

It is recorded that, during the eruption of Graham 
island * off the southern coast of Sicily, the sea was 
in a state of violent ebullition, and filled, for several 
weeks continuously, with red or chocolate -colon red 
mud, consisting of finely-comminuted scorite. During 
this period, it is clear that the waves and currents that 
have since had power to sweep away the island, and 
disperse its materials far and wide over the bed of the 
sea, must with still greater ease have carried to vast 
distances the fine red mud, which was seen boiling up 
irom the bottom, so that it may have entered largely 
into the composition of modern peperinos. 

Professor Hoffmann relates that, during the eruption; 
(June, 1831,) the surface of the sea was strewed overj 
at the distance of thirty miles from the ni 
with so dense a covering of scoria, that the fishermen 
were obliged to part it with their oars, in order to 
propel their boats through the water. It is, therefore, 
quite consistent with analogy, that we should find the 
ancient tuffs and peperinos so much more generally 
distributed than the submarine lavas. 

In the road which leads from Palagonia to Lago 
Naflia, and at the distance of about a mile and a 
half from the former place, there is a small pass where 
the hills, on both sides, consist of a calcareous grit, 
intermixed with some grains of volcanic sand. 



Z} 



lie disposition of the strata, on both sides of the pau, 
t singular, and remarkably well exposed, as the 
rder layers have resiGted the weathering of the at- 
^re and project in relief. The sections exhibited 
1 sides of the pass are nearly vertical, and do 
ictly correspond, as will be seen in the annexed 
118 (Nos. 60. and 61.). It is somewhat difficult to 
mceive in what manner this arrangement of the layers 
i occasioned, but we may, perhaps, suppose it to 
'e arisen from the throwing down of calcareous sand 
nd volcanic matter, upon steep slanting banks at the 
~^tom of the sea, in wliich case they might hsTH^H 
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cumulated at variauB angles of between thirty and fifly 
degrees, as may be frequently seen in the sections of 
volcanic cones in Iscliia and elsewhere. Tlie denuding 
power of the waves may, then, have cut ofT the upper 
portion of these banks, so that nearly horizontal layers 
may have been fiuperiaipos«d u neon form ably, after 
which another bank may have been formed in a similar 
manner to the first. 

Volcanic conglomerates. — In the Val di Noto we 
sometimes meet with conglomerates entirely composed 
of volcanic pebbles. Tliey usually occur in the neigh- 
bourhood of masses of lava, and may, perhaps, have 
been the shingle produced by the wasting cliffs of smalt 
iilands in a volcanic archipelago. The formation of 
similar beds of volcanic pebbles may now he seen in 
progress on the beach north of Catania, where the 
wavea are undermining one of the modern lavas of 
Etna ; and the same may also be seen on the shores of 
Ischia. 

Proofs of gradual accumtdatioH. — In one part of 
the great hmestone formation near Lentini, I found 
some imbedded volcanic pebbles, covered with full- 
grown serpulie, supplying a beautiful proof of a con* 
siderable interval of time having elapsed between the 
rounding of these pebbles and their inclosure in a solid 
stratum. I also observed, not far from Vizzini, a very 
striking illustration of the length of the intervals which 
occasionally separated the distinct lava currents. A 
bed of oysters, perfectly identifiable with our common 
eatable species, no less than twenty feet in thickneas, 
is there seen resting upon a current of basaltic lava ; 
upon the oyster-bed again is guperim^iosed a second 
mass of lava, together with tulT or peperino. Near 
Galieri, not far from the same locality, a horizontal 
bed, about a foot and a half in thickness, eovcv^w^ 
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SDtirely of a common Mediterranean coral (Cctjk- 
m^^llia cespUosa, Lam.), is also aeen in the midst of 
Vthe same series of alternating igneous and aqueous 
fcrmations. These corals stand erect as they grew; 
Iknd after being traced for hundreds of yards are again 
^ftund at a corresponding height on the opposite side of 
e valley. 

Dip and direction. — The disturbance which the 

^ewer Pliocene strata have undergone in Sicily, sub- 

lequeot to their deposition, varies greatly in degree 

D different places ; in general, however, they are nearlj 

iborizontal, and are not ol^en highly inclined. The cal* 

s schists, on which part of the town of Lenlioi 

[> built, are much fractured, and dip at an angle 

wenty-five degrees to th« north-west. In some of the 

galleys in the neighbourhood an anticlinal dip is seen, 

the beds on one side being inclined to the north-west, 

a the other to the south-east. 

Throughout a considerable part of Sicily which 1 

t examined, the dips of the tertiary strata were norlh- 

t and south-west ; as, for example, in the district 

I iacluded between Terranuova, Girgenti, Caltanisettt, 

ind PiaKza, where there are several parallel lines, Ot ' 
Kiidges of elevation, which run from north-west to 
uith-east. ■ 

I tiHVe reprinlsd this chapter without aJditions, and nlmtMl 
I without nllerations, and nearly as I wrote it eoan after my louf 
in lEoa. We may shortly eijiect a Tuller accounl of 
le geology of Sicily from Professor Hoffmatin of Berlin, who tiu 
lore than a year lo its eiamination ; a> also fratn M. C 
VfrevosI, who has lately explored the island. The U^l-raentioned 
ist is now aware thst \ie was mistJilEen in supposing that I 
er enpresBed an opinion, tlial the liippurite limestone of Cape 
Ifcaaero (which he regards as cliaU) was of the age of the tertiary 
of the Val di Nolo. See Bulletin de la Soc. G^ de 
|. france, lorn. ii. p. 1 14. 
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Marine find rolianic formations at iht base of Etna — Tiieir con- 
neelion with the strata of the Val di Nolo — Bay of Treiza — 
C.Tclopianii^les — Fossil shells of recent species— Basalt and 
altered rocks in the Isle of Cjdops — Internal structure of the 
coneof Etna— Vat di Calanna — Vol del Bo>e not an ancient 
crater — its precipices intersected by countless dikes — Scenery 
oflhe Val del Bove — Form, composition, and origin of the 
ilikes — Lavas and breccias intersected by them. 

The phenomena considered in the last chapter suggest 
many theoretical views of the highest interest in geo- 
logy; but before entering upon these topics I am de- 
sirous of describing some analogous formations in 
Valdemone. 

If the traveller passes along the table-land, formed 
by the great limestone of the Val di Noto, until it ter- 
minates suddenly near Primosole, he there sees the 
plain of Catania at his feet, and before him, to the 
north, the cone of Etna (see diagram No. 62.)- At the 
base of the cone he beholds a low line of hills, ee 
(No. 62.), formed of clays and marls, associated with 
yellowish sand, similar to the formation provincially 
termed " Creta," in various parts of Sicily. 

This marine formation, which is composed partly of 
volcanic and partly of sedimentary rocks, is seen to lie 
below the modern lavas of Etna, To what extent il 
forms the base of the mountain cannot be observed, 
for want of sections of the lower part of the cone ; but 




Ithe marine sub-Etnean beds are not seen to rise to ■ 
Igreater elevation tlian eight liundrcd, or, at the utmotCi 
: thousand, feet above the level of the sea. The 
raonexed drawing is not a section, but an outline vie* 
I of Etna, as seen from Prlmosole, so that the propor- 
I tional height of the volcanic cone, nhich is, in r«8lil7i 
I ten times greater than that of the hills of " Cret>(">t 
[tts base, is not expressed, tlie summit of tlie coM 
jbeing ten or twelve miles more distant from the {^aiB 
f Catania than Licodia. 
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Connection of the sub-Etiuan strata witli those of ti 
Val di Nolo, — These marine strata are found both 
ihe southern and eastern foot of Etna, and it i 
■ible not to infer that tliey belong to the inferior a 
gUlaceous series of the Val di Noto, which thcj 
resemble both in mineral and organic characters. 
one locality they appear on tlie opposite sides of tH 
Valley of the Simeto, covered on the north by tlH 
lavas of Etna, and on the south by the Val di Nof 
limestone. 




b. Base of the cone of Etna, compawd of modem lavas. 

c Limestone of the Val di Noto. 

d. Clay, sand, and associated submarine volcanic rocts. 

If in the country adjacent to the Lago di Naflia, 
through which the annexed section is drawn, and in 
several other districts where the " creta" prevails, 
together with associated submarine lavas, and where 
there is no limestone capping, a volcano should now 
burst forth, and give rise to a great cone, the position 
of such a cone would exactly correspond to that of 
the modern Etna, with relation to the rocks on which 
it rests. 

SoiU/iern base of Etna. — The marine strata of clay 
and sand already alluded to, alternate in thin layers at 
the southern base of Etna, sometimes attaininga thick- 
ness of three hundred feet, or more, without any in- 
temiixture of volcanic matter. Crystals of selenite 
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I The latter rock is here composed of rolled massei of 
I basalt, which may have originated either when first tbe 
I lava was produced in a volcanic archipelago, or subse- 
i^uently when the whole country was rising from be- 
I Death the level of the sea. Its occurrence in 
I utuation is striking, as not a single pebble can be 
I observed in the entire thickness of subjacent beds of 
I Band and clay. 

The dip of the marine strata, at the base of Etna, 
k b]r no means uniform ; on the eastera side, (at e: 
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ample, they are sometimes inclined towarJs the sea, 
and at others towards the mountain. Near the aque- 
duct at Aderno, on the southern aide, I observed two 
sections, in quarries not far distant from each other, 
where beds of claj and yellow sand dipped, in one 
locality, at an angle of forty-five degrees to the east- 
south-east, and in the other at a much higher inclin- 
ation in the opposite direction. These facts would be 
of small interest, if these mixed marine and volcanic 
deposits, which encircle part of the base of Etna, had 
not been considered by a geologist of high authority as 
the outer marghi of an erhebungs crater.* 

Near Catania the marine formation, consisting 
chie&y of volcanic tulf thinly laminated, terminates in 
a steep inland cliff", or escarpment, which is from six 
hundred to eight hundred feet in height, A low flat, 
composed of recent lava and volcanic sand, intervenes 
between the sea and the base of this escarpment, 
which may be well seen at Fasano. {f, diagram. 
No. 62.) 

East^n side of Etna — Sai/ ofTrezza. — Proceed- 
ing northwards from Catania, we have opportunities of 
examining the same suh-Etnean formations laid open 
more distinctly in the modem sea cliffs, especially in 
the Bay of Trezza and in the Cyclopian islands (Dei 
Faraglioni), which may be regarded as the extremity of 
a promontory severed from the main land. Numerous 
are the proofs of submarine eruptions of high antiquity 
_ in this spot, where the argillaceous and sandy beds have 
been invaded and intersected by lava, and where those 
peculiar tufaceous breccias occur which result from 
ejections of fragmentary matter, projected from a vol- 
canic vent. I observed many angular and hardened 
_ jfragments of laminated clay (creta), in different 



■ See Vol. II. p. 160. 
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tales of alteration, between La Trezza and NizzitU, 
I the hills abovt Aci Castello, a town on the 
main land contiguous to the Cyclopian isles, which 
Kliould not be mistaken by one familiar with Somma and 
linor cones of Ischia, for any thing but masses 
n out by volcanic explosions. From the tuffs and 
■BHrls of this district I callectcd a great variety of ma- 
T'ine shells ", almost all of wliicti have been identified 
^'i^th species now inhabiting the Mediterranean, and, 
I fer the most part, now frequent on the coast immedir 
Lately adjacent. Some few of these fossil shells retain 
I part of their colour, which is tlie same as in their 
kiUvtng analogues. 

The largest of the Cyclopian islet" or nihir rocl>s 

1 Ho, 65. 




1t.fCsdo 
[ily-five spedl 



Is, named b; At. Dniiajn, 
wbich I procured rrom the hills called Monte Cavstoccio, Bwci 
di Ferm, and Rocca di Bempolere (or Borgia), was pi 
bp. II. ofUt edit. 
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Is distant two hundred yards from the land, and is 
only three hundred yards in circumference, and about 
two hundred feet in height. The summit and nor- 
sides are formed of a mass of stratiiied marl 
i), the laminie of which are occasionally sub- 
ied by thin arenaceous layers. These strata rest 
m a mass of columnar lava (see wood-cut. No. 65.) *, 
which appears to have forced itself into, and to 
hsve heaved up, the stratiiied mass. This theory of 
tiie intrusion of the basalt is con6rmed by the fact) 
No. 66. 
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I that in Bome places the clay has been greatly altered, 
•ad hardened by the action of heat, and occasionally 
, contorted in the most extraordinary manner, the 
■ btnination not having been obliterated, but, on the 
, contrary, rendered much more coospicuouG, by the 
, indurating process. 

The annexed wood-cut (No. 66.) is a careful repre* 
I aentation of a portion of tlie altered rock, a few feel 
■quare, where the alternate thin lamiotc of sand and 
' clay have put on the appearance which we often oh- 
[ serve in some of the most contorted of the primary 
; schists. 

A great fissure, running irom east to west, nearly 

divides the island into two parts, and lays open its in- 

lernal structure. In the section thus exhibited, a dike 

L of lava is seen, first cutting through an older mass of 

I ^lava, and then penetrating the superincumbent tertiary 



No. 67. 
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strata. In one place, the lava ramifies and terminates 
in thin veins, from a few feet to a few inches in thick- 
ness (see diagram No. 67.}> 

The arenaceous laminie are much hardened at the 
point of contact, and the clays are converted into sili- 
ceous schist. In this island the altered rocks assume 
a honeycombed structure on their weathered surface, 
singularly contrasted with the smooth and even out- 
line which the same beds present in their usual eolt 
and yielding state. 

The pores of the lava are sometimes coated, or en- 
tirely filled, with carbonate of lime, and with a zeolite 
resembling analcime, which has been called cyclopite. 
The latter mineral has also been found in small fissures 
traversing the altered marl, showing that the same 
cause which introduced the minerals into the cavities 
of the lava, whether we suppose sublimation or aqueous 
infiltration, conveyed it also into the open rents of the 
contiguous sedimentary strata. 

havas of the CycU^an Isles not currents from Etna. 
— The phenomena of the Bay of Trezza are very im- 
portant, for it is evident that the submarine lavas were 
produced by eruptions on the spot, an inference which 
follows not only from the presence of dikes and veins, 
but from those tuffs above Castello d'Aci, which con- 
tain angular fragments of hardened marl, evidently 
thrown up, together with the sand and scoritc, by vol- 
canic explosions. We may, therefore, suppose this 
volcanic action to have been as independent of the 
modern vents of Etna, as that which gave rise to the 
analogous formations in the Val di Noto. It is quite 
evident that the lavas of the Cyclopian isles are not 
the lower extremities of currents which flowed down 
froni the highest crater of Etna, or from the region 
Q 2 
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Bwhere lateral eruptions are now frequent, — larai 
B which, after entering the sea, were afterwards upraiied 
Kinto their present position. It is more probable that 
Klhe basalts of the Bay of I'rezza, and those along the 
BlVutherii foot of Etna, at La Motta, Aderno, Paternd, 
KZdcodia, and other places, originated in the same sea 
■in which the eruptions of the Val di Nolo took place. 
I There are, however, no sections to prove that the 
■central and oldest parts of Etna repose on similar sub- 
t. marine formations. The modern lavas of the volcano 
K-Ve continually extending their area, and covering, 
L from time to time, a larger portion of the marbe 
B Strata; but we know not where this operation com- 
I menced, so that we cannot demonstrate the posteriority 
K of the whole cone to these newer Pliocene strata. 
I We might imagine that when the volcanos of the 
m Tal di Noto were in activity, and when the eruptioni 
I'Of the Bay of Trezza were taking place, Etna already 

■ existed as a volcano, the upper part only of the cooe 
Rprojecting above the level of the waters, as in the case 
B^ Stromboli at present. By such an hypothesis, we 

■ inight refer the origin of the older part of Etna to the 
m same period as that of the sedimentary strata and vol- 
I canic rocks of the Val di Noto. 

I But there are no obvious grounds for inclining to 

■ wch a theory, for we must admit that a sufficient 
I series of ages has elapsed since the limestone of the 
I 'Val di Noto was deposited, to allow it to be elevated 
ft 10 the height of from two thousand to three thousand 
Kfeet, in which case there may also have been sufGcient 
Bttme for the growth of a volcanic pile like Etna, since 
W 'tiie period when the newer Pliocene strata now seen 
MA the base of the volcano originated. 
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Inlemai Structure of the Cone of Etna. 
In the second book I merely described that part of i 
na which is known to have been formed during the ¥ 
itorica] era*; an insignificant portion of the whole 4 
iss. Nearly all the remainder may be referred to.l 
i tertiary period immediately antecedent to thel 
tnt epoch. The great cone is, in general, of a verj 
nmetrical form, but is broken, on its eastern aide, byfl 
leep valley, called the Val del Bovef, which, com- 1 

' Vol. II. p.ni. 

' In the provinciBl dialect of the peasa: 
i," for here [he herdsman 

" in reducta valle mugieiiiiuBi 

Prospectat erranles greges." 
. Buckland was, I believe, the lirst English geologist n 
milled Ibis volley with altenCion, and I am indebted lo him ftx | 
ing described it to me, before niy visit to Sidily, 
rthy oFatlenlioa than any single spot in tliat island, or 
Europe. In the accompanying view of the vaQey I buTe 
■oduced two colours, the grey to eipreas tJiat part of tba 1 
Untain which may have been formed before the origin of Uwl 
7ti del Bote," the red to indicate the part which has resulted ■ 
yt eniplions subsequent lo the foraiation of the talley. Thel 
■t liiva-currenls of 1819 and ISll, are seen pouring i 
m the higher patts of tlie valley, over.running the foreata o( ths J 
■t plain, and rising up in the foreground on the left with 
Iged BUr&ce, on which small billocks and depressions are seet 
h as ofken diaracteriie a lava-current immediately after il 

Fhe sniall cone. No. 7., vras fomncd in 1811, and was sdU '7 
[Ajng when I saw it in 1828. Immediately in front of it 
n another cone, formed during the same eruption. The other | 
□ the left, from wlu(± vapour is issuing. 
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Thii sLetcb, which forms part of a panoramic drawing whii 

4e in November, 1 B38, is merely intended lo aiiiiUx tk« i«ai&>n!^ 

as 
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mcncing near the sumnoit of the mountain, descendi 
into the woody region, and is (hen continued, on one 
No. SB. 




a. Highest cone. b. MatiUgnuola. 

c. Head of Val del Bove. d, d. Serre del Solfiiit 

e. ZaSkrana. /. One uf the lateral a 
g. Monti Rossi. 

Bide, by a second and narrower valley, called the Vl 
di Calanna. Below the latter another, named the 
di St. Giacomo, begins, — a long narrow ravine, wbiA 
I prolonged to the neighbourhood of ZafFarana (i, 
No, 68.), on the confines of the fertile region. TheB 
natural incUionB, into the side of the volcano, are of 
such depth that they expose to view a great part of 
the structure of the entire mass, which, in the Val M 
Bove, is laid open to the depth of from four thousand 
to five thousand feet from the summit of Etna. Tbt 
geologist thus enjoys an opportunity of ascertainini 
bow far the internal conformation of the cone cortt- 
sponds with what he might have anticipated as tk 

imprehending geological details, but will give no idea of d>l 
picturesque grandeur of the scene, Nor is the view sufBoienllf | 

onlf of the northern, and scarcely any of the southern, bound*;, 
is included, 
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rCBult of that mode of increase which has been wit- 
nessed during the historical era. 

It is clear, from wliat was before said of the gradual 
manner in which the principal cone increases, partly 
by streams of lava and showers of volcanic ashes 
ejected from the summit, partly by the throwing up of 
minor hills and the issuing of lava-currents on the 
flanks of the mountain, that the whole cone must con- 
sist of a series of cones enveloping others, Che regu- 
larity of each being only interrupted by the interference 
of the lateral volcanos. 

We might, therefore, have anticipated that a section 
of Etna, as exposed in a ravine which should begin 
near the summit and extend nearly to the sea, would 
correspond very closely to the section of the ancient 
Vesuvius, commencing with the escarpnient of Somma, 
aad ending with the Fossa Grande ; but with this dif- 
ference, that where the ravine intersects the woody 
region of Etna, indications must appear of changes 
brought about by lateral eruptions. Now the section, 
which can be traced from the head of the Val del Bove 
to the inferior borders of the woody region, fully 
answers such expectations. We find, almost every 
where, a series of layers of tuff and breccia interstrati- 
fied with lavas, which slope gently to the sea, at an 
angle of irom twenty to thirty degrees; and as we rise 
to the parallel of the zone of lateral eruptions, and still 
more as we approach the summit, we discover indica- 
tions of disturbances, occasioned by the passage of 
lava from below, and the successive inhumation of 
lateral cones. 

Val di Calatma. — On leaving Zaffarana, on the 
borders of the fertile region, we enter the ravine-like 
valley of St. Giacomo, and see on the north side, at «nv 
« 4 1 
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ir right as we ascend, rising ground composed of die 
I modern lavas of Etna. On our lefl, a lofty dil^ 
I 'wherein a regular series of beds is exhibited, composed 
I of tuffs and lavas, descending with a gentle inclination 

■ towards the sea. In this lower part of the sectloa 
ire no intersecting dikes, nor any signs of miow 
interfering with the regular slope of the alte^ 

)Bting volcanic products. If we then pass upwards 
^through a defile, called the " Portello di Calanna," we 

mter a second valley, that of Calanna, resembling the 
fwTine before mentioned, but wider and much deeper. 

■ Here again we find, on our right, many currents rf 
B-Biodem lava, piled one upon the otiier, and on our left 
mu continuation of our former section, in a perpendi- 
Icular cliff from four hundred to five hundred feet high. 

s this lofty wall sweeps in a curve, it has very mucb 

the appearance of the escarpment which Somma pr& 

Knts towards Vesuvius, and this resemblance is in- 

creased by the occurrence of two or three vertical 

h^es which traverse the gently- in dined volcanic beds. 

Tien I first beheld this precipice, I fancied that I bad 

Bcntered a lateral crater, but was soon undeceived, b; 

liscovering that on all sides, both at the head of the 

Ivalley, in the hill of Zocolaro, and at its side and lower 

jxtremity, the dip of the beds was always in the same 

lirection, all slanting to the east, or towards the ses. 

stead of sloping to tlie north, east, and south, at 

would have been the case had they constituted three 

rails of an ancient crater. 

It is not difficult to explain how the valleys of St 
Giacomo and Calanna originated, when once the line 
if lof^y precipices on the north side of them had been 
. Many lava currents flowing down successively 
n the higher regions of Etna, along the foot of ■ 
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great escarpmeDt of volcanic rock, have at length bee^ 
turaed by a promontory at the head of the valley o 
Calanna, which runs out at right angles to the grea 
line of precipices, This promontory consists ( 
hills called Zocolaro and Caianna, and of a ridge of ic 
ferior height which connects them. (See diagram 



No. ( 
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'A. Zocalaro. ' B. Monte di Calanna. 

C. Plain at the head of tlie Valley of Calanna. 

a, lAvh of 1!^19 descending the precipice and flowing Lhroi 

(he valle;. 

b. Lavas or ISII and 1819 ilon-ing round the hill oT CbUbiib 

The flows of melted matter have been deflecte 
from their course hy this projecting mass, just i 
tidal current, after setting against a hne of sea c 
is often thrown off into a new direction by some ro 



Lava streams, it is well known, become solid eicte 
nally, even while yet in motion, and their sides i 
be compared to two rocky walla, which are sometii 
inclined at an angle of Ibrty-five degrees. "Wvea w 
Q 5 
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streams descend a considerable slope at the base of a 

line of precipices, and are turned from their course hj 

a projecting rock, they move riglit onwards in a new 

' direction, so as to leave a considerable space (as in 

[ the Valley of Calanna) between them and the clifis 

Dwhich may be continuous below the point of deSection. 

It happened in 1811 and 1819, that the flows of 

■ lava overtopped the ridge intervening between the 

aills of Zocolaro and Calanna, so that they fell in a 

F cascade over a lofly precipice, and began to fill up the 

I' valley. (See letter a, diagram No. 69.) • 

The narrow cavity of St. Giacomo will admit of an 
ixplanation precisely similar to that already ofiered fitr 
I Calanna. 

Vid del Save. — After passing up through the defile, 
I called the " Rocca di Calanna," we enter a third 
I] valley of truly magnificent dimensions' — the Val del 
iBove — a vast amphitheatre four or five miles in di- 
f ameter, surrounded by nearly vertical precipices, vary- 
t ing from one thousand to above three thousand feet in 
\ height, the loftiest being at the upper end, and the 
I height gradually diminishing on both sides. The fea- 
Kture which first strikes the geologist as distinguishing 
tthis valley from those before mentioned, is the pro- 
r digious multitudes of vertical dikes, which are seen in 
I fill directions traversing the volcanic beds. The cir- 
Kinilar form of this great chasm, and the occurrence of 
F these countless dikes, amounting perhaps to several 
[ thousands in number, so forcibly recalled to my mind 
I the phenomena of the Atrio del Cavallo, on Vesuvius, 
t ,that I imagined once more that I had entered a vast 
^.crater, on a scale as far exceeding tliat of Somma, as 
H surpasses Vesuvius in magnitude. 
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But having already been deceived in regard to ^ 
crescent-shaped precipice of the valley of Calann% 
began attentively to explore the different sides of 
great amphitheatre, in order to satisfy myself wheth 
the semicircular wall of the Val del Bove had e 
formed the boundary of a crater, and whether 
had the same quaqua-versal dip which b so beautifu 
exhibited in the escarpment of Somma. If the b 
posed analogy between Somma and the Val del Bot 
should hold true, the tuffs and lavas, at the head of the 
valley, would dip to the west, those on the north side 
towards the north, and those on the southern side to 
the south. But such I did not find to be the inclin- 
ation of the beds ; they all dip towards the sea, or 
nearly east, as in the Valley of Calanna. 

There are undoubtedly exceptions to this general 
rule, which might deceive a geologist who was strongly 
prepossessed with a belief that he had discovered the 
hollow of an ancient crater. It is evident that,where- 
ever lateral cones are intersected in the precipices, a 
series of tuffs and lavas, very similar to those which 
enter into the structure of the great cone, will be seen 
dipping at a much more rapid angle. 

The lavas and tuffs, which have conformed to the 
aides of Etna, dip at angles of from fifteen to twenty- 
five degrees, while the slope of the lateral cones is from 
thirty-five to fifty degrees. Now, wherever we meet 
with sections of these buried cones in the precipices 
bordering the Val del Bove, (and they are frequent in 
the cliffs called the Serre del Solfizio, and in those near 
the head of the valley not far from the rock of Musare,) 
we find the beds dipping at high angles and inclined 
in various directions. 
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Scenery of the Vol del Bove. — Williout entering at 
I present into any further discussions respecting the 
I origin of the Val del Bove, I shall proceed to describe 
;s most remarkable features. Let the reader 
, picture to himself a large amphitheatre, five miles in 
I diameter, and surrounded on three sides by precipices 
I bom two thousand to three thousand feet in heighL 
If he has beheld tliat most picturesque scene in the 
. diain of the Pyrenees, the celebrated " cirque of Gs- 
- varnie," he may form some conception of the magoi* 
' ficent circle of precipitous rocks which inclose, ffli 
' three sides, the great plain of the Val del Bove. Thii 
I plain has been deluged by repeated streams of lavs, 
I' and although it appears almost level when vieved 
I from a distance, it is, in fact, more uneven than the 
r surface of the most tempestuous sea. Besides tbe 
' irregularities of the lava, the valley is in oM 
I part interrupted by a ridge of rocks, two of which, 
L Musara and Capra, are very prominent. It can hardly 
' be said that they 

To sentiael pnchHDtBd land ;" 

I for although, like the Trosachs m the Highlands rf 
1 Scotlaud, they are of gigantic dimensions, and appear 
L almost isolated as seen from many points, yet the 
I stem and severe grandeur of the scenery which they 
adorn is not such as wi>u]d be selected by a poet for a 
I vale of enchantment. Ihe character of the scene 
■ would accord far better with Milton's picture ot the 
I infernal ivorld ; and if we imagine ourselves to heboid 
n, in tlie darkness of the nignt, one of thow 

[£ery currents, which have bo often traversed the greit 

^Valley, we may well recall 

" yon drenry plain, TDrlorn and wUll, 

i seal ot dejcAtUioii, loid ol \\^hv 



r] SCENERV OF THE VAL DEL BOVE. ^^^^| 

Save wbal the glimmering of tlicse iivid Barnes ^^^H 

Cut pale and dreadful." ^^H 

xiie face of the precipices already mentioned 1^^^ 
broken in the most picturesque manner by the vertical 
walls of lava which traverse them. These masBes ' 
usually stand out in relief, are exceedingly diversified 
in form, and of immense altitude. In the autumn, 
their black outline may often be seen relieved by 
clouds of fleecy vapour which settle behind them, and 
do not disperse until mid-day, continuing to fill the vol- i 
ley while the sun is shining on every other part of I 
Sicily, and on the higher regions of Etna. . 

As soon as the vapours begin to rise, the changes of I 
scene are varied in tlie highest degree, different rocks 
being unveiled and hidden by turns, and the summit of ' 
Etna oflen breaking through the clouds for a moment 
with its dazzling snows, and being then as suddenly 
withdrawn from the view. 

An unusual silence prevails ; for there are no torrents 
dashing from the rocks, nor any movement of running 
water in this valley, such as may almost invariably be 
heard in mountainous regions. Every drop of water 
that falls from the heavens, or flows from the melting 
ice and snow, is instantly absorbed by the porous lava ; 
and such is the dearth of springs, tha^ the herdsman is 
compelled to supply his flocks, during the hot season, 
from stores of snow laid up in hollows of the moun- 
tain during winter. 

The strips of green herbage and forest land, which , 

have here and there escaped the burning lavas, serve, 
by contrast, to heighten the desolation of the scene. 
When 1 visited the valley, nine years after the erup- 
tion of 1819, 1 saw hundreds of trees, or rather the 
white skeletons of trees, on the borders of the bin 
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lava, the trunks and branches being all leafless, and 
deprived of their bark by the scorching heat emltlai 
from the melted rock; an image recalling thoiie beau- 
tjtui lines : — 

1 " As when heaven's fire 

Hath scalh'd the forcEt oak: 

Willi singed top their stately growth, though bare, 
n the bliuleil tieath." 
Form, composition, and origin of the Dikes. — 
I vithout uidulging the imagination any longer in de- 
I acriptions of scenery, I may observe, that the dikei 
\ before mentioned form unquestionably tlie most inter- 
I esting geological phenomenon in the Val de Bove. 
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Some of these are composed of trachyte, others of 
compact blue basalt with oh vine. They vary in 
breadth from two to twenty feet and upwards, and 
usually project from the face of the cliffs, as repre- 
sented in the annexed drawing (No. 70,). They con- 
sist of harder materials than the strata which they tra- 
verse, and therefore waste away less rapidly under the 
influence of that repeated congelation and thawing to 
which the rocks in this zone of Etna are exposed. The 
dikes are, for the most part, vertical, but sometimes 
they run in a tortuous course through the tuffs and 
breccias, as represented in diagram, No. 71. In the 




escarpment of Somma, where similar walls of lava cut 
through alternating beds of sand and scoris, a coating 
of coal-btack rock, approaching in its nature and ap- 
pearance to pitch-stone, is seen at the contact of the 
dike with the intersected beds. I did not observe 
such parting layers at the junction of the Etnean 
dikes which I examined, but they may perhaps he dis- 
lyerable. 
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it position of these dikes is most in> 
' teresting, as they occur in that zone of the mountain 
I where lateral eruptions are frequent ; whereas, in the 
\ valley of Calanna, which is below that parallel, and in 
ka region where lateral eruptions are extremely rare, 
sarcely any dibes are seen, and none whatever gtiD 
|. lower in the valley of St. Giaconio. This is predsely 
f what we might have expected, if we consider the ver* 
I tical fiasureanow filled with rock to have been the feed- 
> ers of lateral cones, or, in other words, the channeJi 
I which gave passage to the lava currents and sooril 
[ that have issued from vents in the forest zone. 

Some iissures may have been filled from above, bit 
t I did not see any which, by terminating downward 
Lgave proof of such an origin. Almost all the isolated 
L the Val del Bove, such as Capra, Musari, 
rand others, are traversed by dikes, and may, perhaps, 
' have partly owed their preservation to that circum- 
I stance, if at least the action of occasional floods hat 
I been one of the destroying causes in the Val del Bove; 
I for there is nothing which affords so much proteo 
1 tion to a mass of strata against the underminii^ 
' action of running water, as a perpendicular dike rf 
bard rock. 

In the accompanying drawing (No. 72.) the flowing 
I of the lavas of 1811 and 1819, between the rodn 
I Finochio, Capra, and Musara, is represented. The 
I. height of the two last-mentioned isolated masses hit 
Luch diminished by the elevation of their base, 
^caused by these currents. They may, perhaps, be the 
■remnants of cones, which existed before the Val dd 
|i6ove was formed, and may hereafler be once more 
I buried by the lavas that are now accumulating in the 
I ralley. 
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From no point of view are the dikes more conspicv 
ous than from the summit of the highest cone i 





Etna;a view of some of them are given la the annexed 
drawing (No. 73.). 

Lavas atul breccias. — In regard to tlie volcanic 
masses which are intersected by dikes in the Val del 
Bove, they consist, in great part, of greystoiie lavas, 
of an intermediate character between basalt and tra- 
chyte, and partly of the trachytic varieties of lava. Beds 
of scoria: and sand, also, are very numerous, alternat- 
ing with breccias farmed of angular blocks of igneous 
rock. It is possible that some of the breccias may be 
referred to aqueous causes, as we have before seen 
that great floods do occasionally sweep down the 
flanks of Etna when eruptions take place in winter, 
and when the snows are melted by \a'ja. 

Many of the angular fragmenla nvo^ \\8Ntt 
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KSlutinall cone and crater immedialeti/ bdoui wre ttmang Ihaiefififd 
during lie entptiims of IBIO and 1 S 1 1 . * 



* Tbis Jraning is put of a iisnorainic akelch which I jatit 
summit of the cone, December 1. 182S, whm craT 
tt of Etna was free from cloud* eicepl the V»l del Bove. 
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thrown out by volcanic exploBions, which, falling o 
the hardened surface of moving lava currents, 
have been carried to a conBiderable distance. It nuta 
also happen, that when lava advances very slowly, i 
the manner of the flow of 1819, described in the s 
cond volume *, the angular masses resulting from t] 
ftequent breaking of the mass, as it rolls over upoafl 
itself, may produce these breccias. It is at 1 
taiiii that the upper portion of the lava currents a 
ISII and 1819 now consist of angular masses to thel 
depth of many yards. 

D'Aubuisson has compared the surface of one of the>| 
ancient lavas of Auvergne to that of a river suddenljpi 
frozen over by the stoppage of immense fragments of3 
drift-ice, a description perfectly applicable to thei 
modern Etnean flows. 

• P. I?l. 
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I Speculations on the origm of the Vsl det Bove on Etm — BA- 
udcuccs — Atitiqiiiiy of the cone of Etna — Mode of ciHn)iDl- 
ing the age of iolc?aiios — Their growth analogous to that of 
exogenous treea — Period required for the production of Ibt 
latera! conw of Elno — Whether signs of Diluvial Wamire 
obsenable on Etna. 

Origin of the Val del Save. 
wRkvoke concluding my observations on the cone rf 
I Etna, the structure of which has been considered in 
I the last chapter, I desire to call the reader's attention 
I to several questions : — Brst, in regard to the probable 
I' origin of the great valley already described ; secoadlfi 
I whether any estimate can be made of the length of 
I the period required for the accumulation of the great 
I cone; and, thirdly, whether there are any Higns <n 
' the surface of the older parts of the mountain, df 
I those devastating waves which, according to the thfr 
I ories of some geologists, have swept again and again 
I over our continents. 

Origin of the Val del Bove. — I explained in the 
I last chapter my reasons for not assenting to the opi- 

I, that the great cavity on the eastern side of Etm 
' was the hollow of a vast crater, from which the vd- 
I canic masses of the surrounding walls were produced 
I On the other hand, it seems impossible to ascribe the 
I valley to the action of running water alone ; for if it 
L iiad been excavated excluavv^ily by that power, it! 
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depth would have iDcreased in the descent ; whereas, 
on the contrary, the precipices are most lofty at the 
upper extremity, and diminish gradually on approach- 
ing the lower region of the volcano. 

The structure of the surrounding walls is such as 
we should expect to see exhibited on any other side 
of Etna, if a cavity of equal depth should bo caused, 
whether by subsidence, or by the blowing up of part 
of the flanks of the volcano, or by either of these 
causes co-operating with the removing action of run- 
ning water. 

It is recorded, as was stated in the history of earth- 
quakes*, that in the year 1772 a great subsidence 
took place on Papandayang, the largest volcano in 
the island of Java, an extent of ground, fifteen miles 
in length and six in breadth, covered by no less than 
forty villages, was engulphed, and the cone lost four 
thousand feet of its height. 

Now we might imagine a similar event, or a series 
of subsidences to have formerly occurred on the east- 
ern side of Etna, although such catastrophes have not 
been witnessed in modern times, or only on a very 
trifling scale. A narrow ravine, about a mile long, 
twenty feet wide, and from twenty to thirty-six in 
depth, has been formed, within the historical era, on 
the flanks of the volcano, near the town of Mascalu- 
cia; and a small circular tract, called the Cistema, 
near the summit, sank down in the year 1792, 
depth of about forty feet, and led on all sides of the 
chasm a vertical section of the beds, exactly resem«' 
bling those which are seen in the precipices of the 
Val del Bove. At some rennote periods, therefore^. 
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I'we might suppose more extensive portions of tiw 
I tnouDtain to have fallen in during great earthquakes. 
I But some geologists will, perhaps, incline to the 
L opinion, that the removed mass was blown up by 
I: psroxysma] exploEions, such as that which, in the 
bjrear T9> destroyed the ancient cone of Vesuvius, and 
Kgave rise to the escarpment of Sontma. The Val del 
I^Bove, it will be remembered, lies within the zone of 
Klateral eruptions, so that a repetition of volcanic ex- 
t plosions might have taken place, after which the action 
I of running water may have contributed powerfully to 
I d^rade the rocks, and to transport the materials to 
I the sea. 1 have before alluded to the effects of s 
I violent flood, which swept through the Val del Bove 
I in the year 1755, when a fiery torrent of lava had sud- 
I denly overflowed a great depth of snow in winter.* 
F . In the present imperfect state of our knowledge of 
I the history of volcanos, we have some difficulty in 
L ideciding on the relative probability of these hypothe* 
l.ses; but if we embrace the theory of explosions frffln 
UmIow, the cavity would still by no means accord with 
■the theory of the so-called " elevation craters." 

I Antiquity of the Cone of Etna. 

I , It was before remarked, that confined notions in re- 
Igard to the quantity of past time have tended, more 
I'tfian any other prepossessions, to retard the progreu 
K«f sound theoretical views in Geology f ; the inade- 
■<gUBcy of our conceptions of the eartli's antiquity hav- 
fticg cramped the freedom of our speculations in this 
■Wience, very much in the same way as a belief in the 
r existence of a vaulted firmament once retarded the 
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progress of astronomy. It was not until Descartes 
assumed the indefinite extent of the celestial spaces, 
and removed the supposed boundaries of the universe, 
that just opinions began to be entertained of the rela- 
tive distances of the heavenly bodies ; and until we 
habituate ourselves to contemplate the possibility of 
an indefinite lapse of ages having been comprised 
within each of the more modem periods of the earth's 
history, we shall he in danger of forming most erro- 
neous and partial views in Geology. 

Mode of computitiff the age ofvokaiws. — If history 
had bequeathed to us a faithful record of the erup- 
dons of Etna, and a hundred other of the princip^ 
active volcanos of the globe, during the last three 
thoosand years, — if we had an exact account of the 
volume of lava and matter ejected during that period, 
and the times of their production, — we might, per- 
haps, be able to form a correct estimate of the average 
rate of the growth of a volcanic cone. For we might 
obtain a mean result from the comparison of the erup- 
tions of so great a number of vents, however irregular 
ntight be the development of the igneous action in 
any one of them, if contemplated singly during a brief 

It would be necessary to balance protracted periods 
of inaction against the occasional outburst of par- 
oxysmal explosions. Sometimes we should have evi- 
dence of a repose of seventeen centuries, like that 
which was interposed in Ischia, between the end of 
the fourth century, a. c, and the beginning of the 
fourteentji century of our era.* Occasionally a tre- 
mendous eruption, like that of Jorullo, would be re- 

• See VoU II. p. 71. 
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corded, giving rise, at once, to a considerable moan- 
tain. 

If we desire to approximate to the age of a cone 

such as Etna, we ought first to obtain some data in 

regard to the thickness of matter which has been 

added during the higtoricat era, and then endeavour 

to estimate the time required for the accumulation of 

[ such alternating lavas and beds of sand and scoriE U 

are superimposed upon each other in the Val del 

Bove ; afterwards we should try to deduce, from ob- 

' lervations on other volcanos, the more or less rapid 

increase of burning mountains in all-the different st(^ 

f of their growth. 

Mode of increase of volcanos analogous to that of 
oogenous trees. — There is a considerable anali^ 
I between the mode of increase of a volcanic cone snd 
that of trees of exogenous growth. These trees aug- 
ment, both in height and diameter, by the successive 
I application externally of cone upon cone of new tig- 
I neous matter, so that if we make a tronsverse sectioe 
[ near the base of the trunk, we intersect a mucb 
L greater number of layers than nearer to the summit' 
I When branches occasionally shoot out from the trunk 
I they first pierce the bark, and then, after growing to 
I i, certain size, if they chance to be broken off, theji 
' may become inclosed in the body of the tree, e» il 
I augments in size, forming knots in the wood, whict 
e themselves composed of layers of ligneous mattRi 
\ cone within cone. 

1 like manner, a volcanic mountain, as we hsf 
I «een, consists of a succession of conical tnassei «■ 
I veloping others, while lateral cones, having a similar 
internal structure, ol\en project, in the fit 
like branches from the surface of the main cone, . 
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then becoming buried again, are hidden like the knots 
of a tree. 

We can ascertain the age of an oak or pine, by 
counting the number of concentric rings of annual 
growth, seen in a transverse section near the base, so 
that we may know the date at which the seedling 
began to vegetate. The Baobab-tree of Senegal 
{Adansaniit digilata) is supposed to exceed almost any 
other in longevity; Adanson inferred that one which 
he measured, and found to he thirty feet in diameter, 
had attained the age of 5150 years. Having made 
an incision to a certain depth, ho first counted three 
hundred rings of annual growth, and observed what 
thickness die tree had gained in that period. The 
average rate of growtli of younger trees, of the 
same species, was then ascertained, and the calcu- 
lation made according to a supposed mean rate of 
increase. De CandoUe considers it not improbable, that 
the celebrated Taxodium of Chapultepec, in Mexico 
{Capressus disticha, Linn.), which is 117 feet in cir- 
cumference, may be still more aged. • 

It is, however, impossible, until more data are 
collected respecting the average intensity of the vol- 
canic action, to make any thing like an approximation 
to the age of a cone like Etna ; because, in this case, 
the successive envelopes of lava and scorije are not 
continuous, like the layers of wood in a tree, and 
afford UB no definite measure of time. Each conical 
envelope is made up of a great number of distinct 
lava currents and showers of sand and scorise, differing 
in quantity, and which may have been accumulated in 
unequal periods of time. Yet we cannot fail to form 

Od the LoDgevitj' ofTreei, Bibliot. Univ., May, 1831. 
VOL. III. 
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the most exalted cooception of the antiquity of thit 

mountain, when we consider that its base U about 

ninety miles in circumrerence ; so that it would rfr 

quire ninety flows of lava, each a mile in breadth it 

' their termination, to raise the present foot of ibe 

I volcano as much as the average height of one Ion 

[ current. 

There are no records within the historical era whid 

\ lead to the opinion, that the altitude of Etna hv 

lerially varied within the last two thousand yevi, 

Of the eighty most conspicuous minor cones whidi 

rn its flanks, only one of the largest, Monti Rossi, 

been produced within the times of authentic fail- 

tory. Even this hill, thrown up in the year 166% 

although 450 feet in height, only ranks as a cone of 

I second magnitude. Monte Minardo, near BroDte, 

I lises, even now, to the height of "50 feet, although its 

I base has been elevated by more modern lavas «ad 

1 ejections. Tlie dimensions of these larger couei 

appear to bear testimony to paroxysms of volcanic 

activity, after which we may conclude, from anal^. 

that the fires of Etna remained dormant for man]' 

L years — since nearly a century of rest has sometima 

I followed a violent eruption in the historical era. ft 

I must also be remembered, that of the smail number of 

I eruptions which occur in a century, one only ii 

mated to issue from the summit of Etna for emj 

I two that proceeds from the sides. Nor do all the 

I lateral eruptions give rise to such cones as would be 

I reckoned amongst the smallest of the eighty hillt 

I above enumerated ; sonne of them produce merely 

I insignificant monticules, which are soon afterwards 

' buried by showers of ashes. 

How many years then must we not suppose to have 




been expended in tlie formation of the eighty cones? 
It is diflicult to imagine that a fourth part of them 
have originated during the last thirty centuries. But 
if we conjecture the whole of them to have been 
formed in twelve thousand years, how inconsiderable 
an era would this portion of time constitute in the 
history of the volcano I If we could strip off from 
Etna all the lateral monticules now visible, together 
with the lavas and scoriae that have been poured out 
from them, and from the highest crater, during the 
period of their growth, the diminution of the entire 
mass would be extremely slight I Etna might lose, 
perhaps, several miles in diameter at its base, and some 
hundreds of feet in elevation, but it would still be the 
loftiest of Sicilian mountains, scudded with other 
cones, which would be recalled, as it were, into exist- 
ence by the removal of the rocks under which they 
are now buried. 

Tiiere seems nothing in the deep sections of the 
Val del Bove to indicate that the lava currents of 
remote periods were greater in volume than those of 
modern times; and there are abundant proofs that the 
countless beds of solid rock and scoriie were accu- 
mulated, as now, in succession. On the grounds, 
therefore, already explained, we must infer that a mass, 
eight thousand or nine thousand feet in thickness, 
must have required an immense series of ages anterior 
to our historical periods, for its growth ; yet the whole 
must be regarded as the product of a modern portion 
of the newer Pliocene epoch. Such, at least, is the 
conclusion that seems to follow from the geological 
data already detailed, which show that the oldest partk^ 
of the mountain, if not of posterior date to the n 
strata around its base, were at least of coeval o 
K 2 




WliHher signs of Diluvial Waves are observabk M 

'Sbia, — Some geologists conteod, that the suddea 

Iflevatiun of large continents from beneath the waters 

(of the sea have again and again produced waves which 

rept over vast regions of the earth, and left 

jnormous rolled hlocks strewed upon the suriace.* 

lat there are signs of local floods of extreme violence 

as parte of the surface of the dry land, is in- 

^ntrovertible, and I have endeavoured to point out 

causes which must for ever continue to give rise (o 

enomeDa; but such appearances afiord do 

Kgeological proof of a general cataclysm. It is dear 

Iftiiat no devastating wav« has passed over the foretl 

if Etna, since any of the lateral cones before 

^mentioned were thrown up ; for none of these heaps 

■ of loose sand and scorice could have resisted for a 
I moment the denuding action of a violent flood. 

To some, perhaps, it may appear that hills of such 

■ incoherent materials cannot be of very great antiquilj, 
I because the mere action of the atmosphere must, in 
I the course of several thousand years, have obliterated 
I their original forms. But there \3 no weight in lhi> 

bjection; for the older hills are covered with trees 
I and herbage, which protect them from waste ; and in 
I regard to the newer ones, such is the porosity of their 
Kcomponent materials, that the rain which falls upon 
\ them is instantly absorbed, and, for the same reason 
f 'tiiat the rivers on Etna have a subterranean courtCi 
there are none descending the sides of the minor 

No sensible alteratioti has been observed m die 
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form of these cones since the earliest periods of which 
there are memorials; and there seems no reason 
for anticipating, that in the course of the next ten 
thousand or twenty thousand years they will undergo 
any great alteration in their appearance, unless they 
should be shattered by earthquakes or covered by 
volcanic ejections. 

I shall hereafter point out, that, in other parts of 
Europe, sinular loose cones of scoriae, probably of 
higher antiquity than the whole mass of £tna, stand 
uninjured, at inferior elevations above the level of the 
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Having in the last two chapters described the ur- 
dary formations of the Val di Noto and ValderooDC, 
both igneous aod aqueous, 1 shall now proceed more 
fully to consider their origin, and the manner in whiih 
they may be supposed to have assumed their preseol 
position. The consideration of this subject may be 
naturally divided into three parts ; first, we mtf 
inquire in what manner the submarine fortnatiou 
" were accumulated beneath the waters ; secondly, whe- 
ther they emerged slowly or suddenly, and to whil 
modifications in the earth's crust, at considerable 
depths below the surface, their rise may be attri- 
buted; thirdly, the mutations which the surface and 
its inhabitants have undergone during and since the 
period of emergence. 

Growth of submarine formations. — First, then, *e 
are to inquire in what manner tlie subaqueous masses, 
whether volcanic or eedimentary, may have been 
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formed. On this subject a few observations niil su^ 
fice; for by reference to the two last books, the reader 
will learn how a single stratum, whethci 
clay, or limestone, may be thrown down at the botto 
of the sea, and bow shells and other organic remain^ 
may become imbedded in it. He will also understand) 
how one sheet of lava, or one bed of scoriae and vohi 
canic sand, may be spread out over a wide area, and| 
how, at a subsequent period, a second bed of si 
clay, or limestone, or a second lava stream may I 
superimposed, so that in tbe lapse of ages a mounta 
mass shall be produt 

It is enough that we should behold a single courB{| 
of bricks or stones laid by the mason upon anotherJ 
in order to comprehend how a massive edifice, ; 
as the Coliseum at Rome, was erected ; and we 
have no difficulty in conceiving that a sea, three hui 
dred or four hundred jathoms deep, might be filled u 
by sediment and lava, provided we admit an indefinite 
lapse of ages for the accumulation of the materials. 

The sedimentary and volcanic masses of the t 
Pliocene era, which, in the Val di Notu, attain t 
thickness of two thousand feet, are subdivided into 9 
vast number of strata and lava streams, each of whidi 
were originally formed on the subaqueous : 
juat as the tutfs and lavas, whereof sections are laii 
open in tbe Val del Bove, were each in their turn ex^ 
ternal additions to the Etnean c 

It is also clear, that before any part of the mass o 
submarine origin began to rise above the waters, thflifl 
uppermost stratum of the whole must have been de* 
posited ; BO tliat if the date of the origin of these 
masses be comparatively recent, still more so 
period of their rise above the level of tl\e txa.. 
R 4 
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Sula/jueous fonnationv how raued. — In what man- 
iner, then, and by what agency, did this rtae of the 
I pubaqueous formations take place ? We have seen 
1 that, fiince the commencement of the present centuiy, 
I I tract of country m Cutch, more than fifty mil*! 
I' long and sixteeD broad, was permanently upraised U 
Ti tbe height of ten feet aboTe its former position, and the 
( earthquake which accompanied this wonderful vam- 
£ lion of level is reported to have terminated by a 
B'Vplcanic eruption at Bhooj. We have also seen*, 

■ that when the iVIonte Nuovo was thrown up, in Cbe 
■•year 1538, a large fissure approached the small to*n 
f of Tripergola, emitting a vivid light, and throwing out 

■ Igiiited sand and scoria;. At length this opening 
I reached a shallow part of the sea close to the sliorei 
Ittid then widened into a large chasm, out of whidi 

■ were discharged blocks of lava, pumice, and ashes. 
ft But no current of melted matter flowed from tho 
I orifice, although it is perfectly evident that lara 
Rifixigted below is a fluid state, since so many portiom 
Kjof it were cast up in the form of scoriffi into the oil- 
I & will be remembered tliat the coast near PuziudI) 
I rose, at that time, to the height of more titan twenty 
I feet above its former level, and that it has remained 
I permanently upheaved to this day.f 

>n a review of the whole phenomena, it appear) 
I most probable tliat the elevated country was forced 
1 upwards by lava which did not escape, but whicbi 
K^ler causing violent earthquakes, during several pre- 
I ceding months, produced at length a fissure from 
I whence it discharged g-aseous fluids, together widi 
lund and scoriae. The intruded mass then cooled 
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down at a certain distance below the uplifted surface. 
and constituted a solid and permanent foundation. 

If an habitual vent had previously existed near 
Puzzuoli, such as we may suppose to remain always 
open in the principal ducts of Vesuvius or Etna, the 
lava might, perhaps, have flowed over upon the sur- 
face, instead of heaving upwards the superficial strata. 
In that case there might have been the same con- 
version of sea into land, the only difference being, 
that the lava would have been uppermost, instead of 
the tufaceous strata containing shells, now seen in 
the plain of La Starza, and on the site of the Temple 
of Serapis. 

But when we remember that the tertiary strata of 
the Val di Noto have attained the height of from fifty 
to two thousand feet, and in the central parts of Sicily, 
Bs at Castrogiovanni, an elevation of about three 
thousand feet above the level of the sea, are we pre- 
pared to suppose a solid support of igneous rock, n 
equal in volume to the upraised tract, to have I 
generated below since the newer Pliocene stral 
formed P In reply to this question I may t 

; that Uie entire mass of Iceland is said to be volca 
an island 260 miles long by two hundred in 
and which rises, in some spots, to the height of s 
thousand feet. Had the melted matter in 

I been prevented from reaching the surface by I 
weight and tenacity of superincumbent rocks, it migh^l 

i perhaps, have heaved up a district three times as e 

I tensive as Sicily. But whether we adopt this o 
other hypothesis as the cause of elevation, whetha 
we introduce the evolution of gases, the liquefaction 
of rocks, or their expansion by heat, or any other 
mode of operation, it is still innpossLWe to eftc&\ia ftot 
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the coQclusLon, that some very eictraordinary chaoge 
has taken place in part of the earth's crust tmrae- 
diately underneath Sicily, since the Mediterranean 
was inhabited by the existing species of testacea. 
We must surely admit that the permanent upheaving 
of a country two or three thousand square miles in 
area, to an additional height of several hundred yardd 
implies either the intrusion of new mineral matter 
into the fundamental rocks, or a modification in their 
diaracter. 

It would be superfluous to repeat here whst hu 

I been said of the probable causes of volcanic agencfi 
operating at considerable depths, or what has been 
called by some geologists plutonie action.* But itii 
important to reflect, that the position of the nevet 
Pliocene strata, in Sicily and elsewhere, indicate thai 
this action has been developed on a great scale ma 
the recent species of testacea abounded. The form- 

t ation of a cone, such as Etna, or of the sedimenuty 

r and volcanic rocks of the Val di Noto, are superficial 
ions which are perfectly insignificant in a geolo- 
gical point of view when compared with the contempo- 
is changes above alluded to which must have 

' been going on out of siffkt. The result of these oper- 
ations may one day be exposed to view ; but a great 

' lapse of time will probably be required before n 

[ formed or altered at great depths can be brouf^t i^ 

[ to the surface. 

Quicquid sub terra est, in apricum proferet alu 
DeTodiet cundetque ailentja. 

lie deposits of our own period may sink dowii 
tnd be hidden in the depths of the earth, when tlw 
'plutonie formations of tlie newer Pliocene era shaU 
■ See booV. Vi. pan. u. chwje. 9, 
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have become visible ; and it may then be impossible 
to ascertain, by geological evidence, the relative date 
of rocks formed in the suhterranean regions during 
the newer Pliocene ages, and to prove that tliey were 
produced at precisely the sanie time with the lime- 
stone and argillaceous strata of the Val di Nolo. 

Changes of the Surface durttiff and since the Emergence 
of the newer Pliocene Strata. 

Valleys. — Geologists who are accustomed to attri- 
bute a groat proportion of the inequalities of the 
earth's surface to the excavating power of running 
water during a long series of ages, will probably look 
for the signs of remarkable freshness in the aspect of 
countries so recently elevated as the parts of SicUy al- 
ready described. ITiere is, however, nothing in the 
external configuration of that country which would 
strike the eye of the most practised observer, as pecu- 
liar and distinct in character from any other districts 
in Europe which are of much higher antiquity. The 
general outline of the hills and valleys would accord 
perfectly well with what may often be observed in re- 
gard to other regions of equal altitude above the level 
of the sea. 

It is true that, tovrards the central parts of the 
island where the argillaceous deposits are of great 
thickness, as around Castrogiovanni, Caltanisetta, and 
PiAZza, the torrents are observed annually to deepen 
the ravines in which they flow, and the traveller occa- 
sionally finds that the narrow mule-path, instead of 
winding round the head of a ravine, terminates ab- 
ruptly in a deep trench which has been hollowed out, 
during the preceding winter, through soft, (ia.'j. ^"o*- 
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I throughout a great [art of Italy, where the marls and 
I sands of the Subapennine hilU are elevated to cansi- 
; derahle heights, the same rapid degradation is ofteD 
perceived. 

In the limestone districts of the Val di Nolo, the 

' strata are for the most part nearly horizontal, and on 

I each side of the valley form a succession of ledges or 

small terraces, instead of descending in a gradinl 

I dope towards the river-plain in the manner of the ar- 

L gillaceous formations. When there is a bend in ik 

I vallej, the exact appearance oi an amphitheatre with a 

t range of marble seats is produced A good example 

of this configuration occurs near the town of Meliili, 

in the Val di Noto, as seen in the annexed Mew (No- 

74 ) In the south of the island, as near bpaccaforao, 




p-Scicli, and Mddica, precipitous rocks of white lime- 
P Btone, ascending to the height of five hundred feel, 
r have been carved out into the same form. 

The line of some q? live -"i^Yie-jft vieat Lentinj, 
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evidently been determined mainJy by the direction of 
the elevatory force, as there is an anticlinal dip in the 
strata on either side of the valley. The same is, pro- 
bably, the case in regard to the great valley of the 
Anapo, which terminates at Syracuse. 

Sea-cliffs — proofs of successive elevation. — No de- 
cisive evidence could he looked for in the form of the 
valleys to determine the question, whether the subter* 
ranean movements which upheaved the newer Plio- 
cene strata in Sicily were very numerous or few in 
number. But we find the signs of two periods of ele- 
vation in a long range of inland cliff on the east side of 
the Val di Noto, both to the north of Syracuse, beyond 
Melilli, and to the south beyond the town of Noto. 
The great limestone forniution above mentioned ter- 
lainates suddenly towards the sea in a lofly precipice, 
a, b, which varies in height irom five hundred to seven 

No. 75. 




hundred feet, and may remind the English geologist 
of some of the most perpendicular escarpments of our 
diallc and oolite. Between the base of tlie precipice 
a, b and the sea is an inferior platform c, b, consisting 
of similar white limestone. All the strata dip toi 
the sea, but are usually inclined at a very slight a 
they are seen to extend uninterruptedly from the b 
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of the escarpment into the platform, showing distinctly 
that the lofty cliff was not produced by a fault or ver- 
tical shift of the beds, but by the removal of a consi- 
derable mass of rock. Hence we may conclude that 
the sea, which is now undermining the cliffs of the Si- 
cilian coast, reached at some former period the base 
of the precipice a, b, at which time the surface of the 
terrace c, b must have constituted the bottom of the 
Mediterranean. Here, then, we have proofs of at 
least two elevations, but there may have been many 
others. 

Suppose, for example, that a series of escarpments, 
e,/, ff, h, once existed, and that during a long interval, 
free from subterranean movements, the sea advances 
along the line c, b, all preceding cli& must have been 
swept away one after the other, and reduced to the 
■iogle precipice a, b. 

I have stated, in the second volume*, that the 
waves washed the base of the inland cliff of Puz- 
Buoli, in the Bay of Baife, within the historical era, 
and that the retiring of the sea was caused, in the six- 
teenth century, by an upheaving of the land to the 
height of twenty feet above its original level. At that 
period, a terrace twenty feet high in some parts was 
laid dry between the sea and the cliff; but the Medi- 
terranean is hastening by its encroachments to resume 
its former position, and the terrace will be eventually 
destroyed, and every trace of the successive rise of the 
I land obliterated. 

[ have been led into these observations, in order to 

Bw that the principal features in the physical geo- 
jiraphy of Sicily are by no means inconsistent with 
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the hypothesis of the successive elevation of the 
country by the intermittent action of ordinary earth- 
quakes. On the other hand, the magnitude of the 
valleys, and their correspondence in form with those 
of other parts of the glohe, seem to tend countenance 
to the theory of the alow and gradual rise of subaque- 
ous strata. 

The excavation of valleys, as was before remarked", 
must always proceed with the greatest rapidity when 
the levels of a country are undergoing alteration from 
tame to time by earthquakes ; and it is principally when 
a country is rising or sinking by successive movements, 
that the power of aqueous causes, such as tides, cur- 
rents, rivers, and land-floods, is exerted with the fullest 
energy. 

In order, tlierefore, to explain the present appear- 
ance of the surface, we must first go back to the time 
when the Sicilian formations were mere shoals at the 
bottom of the sea, in which the currents may have 
scooped out channels here and there. We must next 
suppose these shoals to have become small islands of 
which the cliffs were thrown down from time to time, 
as were those of Gian Greco, in Calabria, during the 
earthquake of 1783. The w'aves and currents would 
have continued their denuding action during the 
emergence of these islands, until at length, when 
the intervening channels were laid dry, and rivers, 
began to flow, the deepening and widening of the 
valleys by rivers and land-floods would proceed in the 
same manner as in modern times in Calabria, f 

Before a tract could be upraised to the height of 
levend thousand feet above the level of the sea, the 

• Vol. II. p. 254. + IbiJ. 
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Joint operation of running water and subterranean 
movements must greatly modify its physical geogra- 
phy ; but when the action of the volcanic forces has 
been suspended, when a period of tranquillity suc- 
ceeds, and the levels of the land remain fiiced and 
stationary, the erosive power of water must soon be 
reduced to a state of con^parative equilibrium, fot 
this reason, a country that has been raised at a vaj 
remote period to a considerable height above the level 
of the sea may present nearly the same external con- 
figuration as one that has been more recently upliiled 
to the same height. 

Migration of animals and plants, — The chai^ 
above described, which have been brought about iif 
igneous and aqueous agency, cannot fail to strike the 
imagination, when we consider how recent in the 
calendar of nature is the epoch to which they aie 
referred. But if we turn our thoughts to the organic 
world, we shall feel, perhaps, no less surprise at the 
great vicissitude which it has undergone during the 
same period. 

We have seen that a large portion of Sicily bat 
been converted from sea to land since the Meditem- 
nean was peopled with the living species of testacei 
and zoophytes. The newly emerged surface, there- 
fore, must, during this modern zoological epoch, have 
been inhabited for the first time by the terresUiot 
plants and animals which, now abound in Sicily. It 
is fair to infer, that the existing terrestrial species are, 
for the most part, of as hi^h antiquity as the marine; 
and if this he the case, a large proportion of the ploDts 
and animals, now found in the tertiary districts in 
Sicily, must have inhabited the earth before the newer 
Pliocene strata were raised above the waters. The 
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plants of the Flora of Sicily are common, almost withfl 
out exception, to Italy or Africa, or some of the com 
tries surrounding the Mediterranean *, so that we mityl 
suppose the greater part of them to have migrated 
from pre-existing lands, just as the plants and a 
mals of the Phlegrxan fields have colonized Monta 
Nuovo, since that mountain was thrown up in the iixii 
teen til century. 

We are brought, therefore, to admit the curioul 
result, that the ilora and fauna of the Val di Noto 
and some other mountainous regions of Sicily, are ol 
higher antiquity than the country itself, having not 
only flourished before the lan<lB were raised from tl 
deep, but even before they were deposited benefit 
the waters. Such conclusions throw a new light e 
the adaptation of the attributes and migratory hal' 
of animals and plants, to the changes which are u 
ceasingly in progress in the inanimate world. 
dear that the duration of species is so great, that tl 
are destined to outlive many important revolutions H 
the physical geography of the earth; and hen 
innumerable contrivances for enabling the subjects a 
the animal and vegetable creation to extend th^ 
range, the inhabitants of the land being often car 
across the ocean, and the aquatic tribes over grefl 
continental spaces, f It is obviously expedient, 
the terrestrial and fluviatite species should not c 
be fitted for the rivers, valleys, plains, and mountat 
which exist at the era of tlieir creation, but for othei 

* ProfeisoT Vlviani of Genoa mfonDed mu, that, coneidcriog^ 
the great eilent of Sicily, il was remarliable Iliat its flora produe 
■carccly ADy, if any pecutvir indigenous species, wbereos there ■! 
■erenil in Corsica, and some other Medilerrancan Islands. 

-f- Sea book iii. chaps, v. tL tuid liL 
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e destined to be formed before the species shUl 
i extinct ; and, in like manner, the marine spe- 
B not only made for the deep or shallow regiooe 
ocean existrng at the time when they are called 
hto being, but tor tracts that may be submerged or 
iriously altered in depth duriug the time that is ti- 
led for their continuance on the globe. 
Hecapiitdaium. — 1 may now briefly recapitulate 
f the most striking results deduced from the 
bivestigation of a single district where the newer I^i- 

ita are largely developed. 
, In the first place, we have seen reason to infer tlmi 
t stratified mass of solid limestone, attaining somC' 
mes a thickness of eight hundred feet and upward^ 
a been gradually deposited at the bottom of the aa, 
e imbedded fossil shells and corallines being almotf 
;nt species. Yet these fossils are frequently 
te of mere casts, so that in appearance thejr 
rrespond very closely to organic remains found io 

■s of very ancient date. 
2d]y. In some localities the limestone above men- 
med alternates widi volcanic rocks such as have been 
med by submarine eruptions, recurring again and 

n at distant intervals of time, 
3dly. Argillaceous and sandy deposits have also 
eeu produced during the same period, and theit 
ccumulation has also been accompanied by submarine 
eruptions. Masses of mixed sedimentary and igneoiu 
ivigin, at least two thousand feet in thickness, can 
i be shown to have accumulated since the sea wai 
»pled with the greater number of the aquatic spe- 

4thly. These masses of submarine origin have, since 
leir formation, beea r^&ed to the height of two thou- 
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sand or three thousand feet above the level of the 
sea, and this elevation implies an extraordinary n 
ficBtion in the state of the earth's crust at somi 
known depth beneath the tract so upheaved. 

Sthly. This modification nnay possibly correS| 
with the effects of what is usually called " plutonig 
action,'* or the agency of volcanic and other cam 
at considerable depths, in which case the newer p 
ocene plutonic rocks, formed beneath Sicily, must I 
of great extent. 

6thly. Considerable inequalities must have I 
caused on the surface of the new-raised lands daria; 
the emergence of the newer Pliocene strata, by t] 
action of tides, currents, and rivers, combined will 
the disturbing and dislocating force of the elevatoi 
movements. 

7thly. There are no featares in the forms of t 
valleys and sea-cli9s thus recently produc 
indicate the sudden rise of the strata to their presex 
altitude, while there are some proofs of distinct a 
partial elevations at successive periods. 

Sthly. We may infer that the species of terrestri(il| 
and fluviatile animals and plants which now ii 
extensive districts, formed during the newer Plioce 
era, were in existence not only before the 
were raised, hut before their materials we; 
together at the bottom of the sea. 
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CHAPTER X. 

NBWER PLIOCBNB FORMATtONa — MABINE AND yOUOMK. 

Tectiuy fomutioos of Campania — Compariton of the rcconU 
diangcs in this region wiUi diote commemorated b; gailopai 
monuments — Dikes of Samma — Parallelism of IheiroppoiiK 
■ides — Age of the volcanic and associated rocks of Campanit 

— Organic remains — No signs of diluvial waves — Marint 
newer Pliocene strata chiefly seen in countries of cutliqiutB 

— Illusirations from Chili — Peru — Parallel mads ct Ot- 
quimbo — West Indies — East Indian archipelago — Red Sw 

Tatiray Formations of Campania. 
Conqxtrwon of recorded changes with those cotmnenof- 
ated by geological nwniunetUs. — In the second vo- 
lume I traced the various changes which the volcanic 
region of Naples is known to have undergone during 
the last ttvo thousand years ; and, imperfect as an 
our historical records, the aggregate elFect of igneow 
and aqueous agency, .during that period, was shown 
to be far from in sign iti cant. The rise of the modem 
gone of Vesuvius, since the year 79, was the mort 
memorable event during those twenty centuries ; buli 
in addition to this remarkable phenomenon, I enu- 
merated the production of several new minor conei 
in Ischia, and of the Monte Nuovo, in the year 1538. 
The flowing aJso of lava currents upon the land and 
along the bottom of the sea was described, the sbow- 
erbg down of volcanic sand, pumice, and acoris, in 
Huch abundance that whole cities were buried, — the 
filling up or shoaling of certain tracts of tlie sea, and 
the transportation of tufaeeous sediment by riven and 
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land floods. I also explained the evidence in 
of a permanent alteration of the relative levels o 
land and sea in several localities, and of the 
tract having, near Puzzuoli, been alternately uphea 
and depressed to the amount of more than twE 
feet. In connection with these convulsions, I pointed 
out that, on the shores of the Bay of Baitc, there a 
recent tufaceous strata filled with fabricated articlel 
mingled with marine shells. It was also shown thai 
the sea has been making gradual advances upon tl 
coast, not only sweeping away the soft tuffs of the I 
of Baise, but excavating precipitous cliffs, where I 
hard Ischiao and Vesuvian lavas have flowed doi 
into the deep. 

These events, it may he objected, although inte 
esting, are the results of operations on a very inferior 
scale to those indicated by geological monuments. 
When we examine this same region, it will be said 
we find that the ancient cone of Vesuvius, called 
Somma, is larger than the modem cone, and is inter- 
sected by a greater number of dikes, — the hills of 
unknown antiquity, such as Astroni, the Solfatara, and 
Monte Barbaro, formed by separate eruptions, in dif- 
ferent parts of tiie Phlegr£ean fields, far outnumber 
those of BimiJar origin, which are recorded to liave 
been thrown up within the historical era. In plac^ 
of modern tuffs of slight thickness, and single flow 
of lava, we find, amongst the older formations, hil 
from five hundred to more than two thousand fee 
in height, composed of an immense series of tufaceous 
strata, alternating with distinct lava currents. We 
have evidence that in the lapse of past ages, districts, 
not merely a few miles square, were upraised to the 
height of twenty or thirty feet above t^vcvt ^otsqw 
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level, but that extensive and inountflinous counuiei 
were uplifted to an elevation of more than one thou- 
sand feet, and at some paints more than two thousand 
feet, above the level of the sea. 

These and similar objections are made by tliose wtia 
compare the modern effects of igneous and aqueoiu 
causes, not with a part but with the whole results of 
the same agency in antecedent ages. Thus viewed 
in the aggregate, the lending geological features of 
each district must always appear to be on a colosstl 
scale, just as a large edifice may seem an effort of 
superhuman power, until we reflect on the innume- 
rable minute parts of which it is composed, and on 
the number of the persons who have contributed to 
raise it. A mountain maes, so long as the imagination 
is occupied in contemplating the gigantic whole, mutt 
appear the work of extraordinary causea ; but when 
the separate portions of which it is made up are care- 
fully studied, they are seen to have been formed suc- 
cessively, and the dimensions of each part, considered 
singly, are soon recognized to be comparatively insig- 
nificant, so that it appears no longer extravagant to 
liken tliem to the recorded effects of ordinary causes. 

Difference in the ComposiJion of Somma and Vetuvivt. 

As no traditional accounts have been handed down 
to us of the eruptions of the ancient Vesuvius, from 
the times of the earliest Greek colonists, the volcano 
must have been dormant for many centuries, perhaps 
for thousands of years, previous to the great eruption 
in the reign of Titus. But it will be shown hereafter 
that there are sufficient grounds for presuming tbii 
inountain, and the ovYier \gi\eo\i?, ^toducts of Cam- 
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paniK, to have been produced during the newer Pli- 
ocene period. 

We have seen* that the ancient and modem cones J 
of Vesuvius were each a counterpart of the other 
structure ; and I may now remark that the principals 
point of difference consists in the greater abundancsf 
in the older cone of fragments of altered sedimenta 
rocks ejected during eruptiona. We may easily c 
ceive that the first explosions would act with the) 
greatest violence, rending and shattering whatev^ 
solid masses obstructed the escape of lava and th^ 
accompanying gases, so that great heaps of ejectec 
pieces of rock would naturally occur in the tufaceouj 
breccias formed by the earliest eruptions. But whef 
a passage had once been opened and an habitual venl 
established, the materials thrown out would consist o 
liquid lava, which would take the form of sand anc 
scorlfe, or of angular fragments of such solid lavas a 
may have choked up the vent. 

Among the fragments which abound in the tufacc 
ous breccias of Somma, none are more common thai 
a saccharoid dolomite, supposed to have been derivetl 
from an ordinary limestone altered by beat and volfl 
canic vapours. 

Carbonate of lime enters into the composition of « 
miany of the simple minerals found in Somma, 
M. Mitscherlich, with much probability, ascribes theiM 
great variety to the action of the volcanic heat o 
jacent masses of limestone. 

Dikes of Somma. — The dikes seen in the grea 
escarpment which Somma presents towards t 
dem cone of Vesuvius are very numerous. They a 

• Vol, II. p. 89. 
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B ^id fMinHft bras, in Teitical eslenl 

dMj «V7 6aa a for j^^ u> fire hundred feet, and 

in hwMJrh fron one to bre9T<e feet- Many of tbon 

cot aD ibe ■-^-— * bedi ■ the escMpment of Sommi 

from top to bottom, othen stop Aort before tbej 

Mc^d above half wwy, ^d a few terminate at botli 

tad», other ia a point or ^ini|>tly. In mineral con- 

l.fiiliow they acarcdy difler (rom the lava^ of Sommai 

h ike rock oontiiting of a base of leacite and augil^ 

Ittmu^ iriiich large crystals of augite and some of 

Kfenctte are scattered. * Examples are not rare cf 

e dike cutting through another, and in one instance 

la shift or fault is seen at the point of intersectiiKi' 

r I observed before f , when spealdng of the dikes of 

die modern cone of ^'esuvius, that they must have 

been produced by the filling up of open fissures b} 

liquid lava. In Eome examples, however, the renti 

seem to have been filled laterally. 

The reader will remember our description of the 
mamier in which the plain of Jerocarne, in Calabrih 
was fissured by the earthquake of 1783 %, so that tk 
acfldemiciaos compared it to the cracks in a brokoi 
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ancient crater of Vesuvius to have been crackei" 
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hey either boiled over the crater, or broke out from 

lical parls of the volcano, constantly formed 

eiiannels as regular as if they had been cut by art, 

down the steep part of the mountain ; and, whilst in 

ft state of perfect fusion, continued their course in 

lose channels, which were soraetimea full to (he 

n, and at other limes more or less so, according 10 

quantity of matter in motion. 

These channels, upon examination afler an enjp' 

I, I have found to be in general from two to fi« or 

feet wide, and seven or eight feet deep. TbeJ 

were often hid from the sight by a quantity of scofisE 

that had formed a crust over them ; and the lava, hav- 

ig been conveyed in a covered way for some yaidsi 

out fresh again into an open channel. After an 

'eruption I have walked in some of those subterraneciiiS 

covered galleries, which were exceedingly curioui, 

sides, top, and bottom, being worn perfectly svwoA 

n most parts, by the violence of the currents 

■(rf the red-hot lavas, which they had conveyed be 

■many weeks successively." 

In another place, in the same memoir, he describes 
the liquid and red-hot matter as being received " into 
k regular channel, raised upon a sort of wall of scont 
sid cinders, almost perpendicularly, , of about Ae 
height of eight or ten feet, resembling much an andent 
^ueduct." • 

Now, if the lava in these instances had not run Mt 
from tile covered channel, in consequence of the de- 
clivity whereon it was pieced — if, instead of the apace 
lieing lefl empty, the lava had been retained within 
tintil it cooled and consolidated, it would then hate 
constituted a small dike with parallel sides. But the 
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walls of a vertical fissure through which la»a has as* I 
cended in its way to a volcanic vent, must have been'B 

jsed to tlie same erosion as the four aides of thei 
channels before adverted to. The prolonged and ladM 
form friction of the heavy fluid, as it is forced a 
made to Raw upwards, cannot fail to wear and smooffi 
down the surfaces on whicli it rubs, and the intenE 
heat must melt all such maaaea as project and obstruct 
the passage of the incandescent fluid. 

I do not mean to assert that the sides of fissurei 
caused by earthquakes are never smooth and paralldi 
but they arc usually uneven, and are often seen t 
bave been so where volcanic or trap dikes are as 
lar in shape as those of Somma. The solution, t 
fore, of tills problem, in reference to the modern diL 
ia most interesting, as being of very general applici 
Uon in geology. 

Varieties in their lecture- — Having explained : 
origin of the parallelism of the sides of a dike,wehav6* 
next to consider the difference of its texture at the 
edges and in the middle. Towards the centre, ob- 
serves M. Necker, the rock is larger grained, the com- 
ponent elements being in a far more crystalline state, 
while at the edge the lava is sometimes vitreous, and 
always finer grained. A thin parting band, approaching 
in its character to pitchstone, occasionally intervenes 
on the contact of the vertical dike and intersected 
beds. M. Necker mentions one of these at the place 
called Primo Monte, in the Atrio del Cavallo ; I saw 
three or four others in different parts of the great es- 
carpment. These phenomena are in perfect harmony 
with the results of the experiments of Sir James Hall 
and Mr, Gregory Watt, which have shown that a 
^oasy texture is the effect of Budde'[icoo\in%,a»i'ilMiS^ 
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on the contrary, a crystalline grain is produced whet* 
fused minerals arc allowed to consolidate slowly acd 
tranquilly under high pressure. 

evident that the central portion of the lava in 
|j|t fissure would, during consolidation, part with its lieat 
lOre slowly than the sideB, although the contrast of 
'Cumstanccs would not be so great as when we com- 
the lava at the bottom and at the surlaceofi 
■rent flowing in the open air. In this case the i^ 
hperraost part, where it has been in contact with the 
iphere, and where refrigeration has been mosl 
ifiipid, is always found to consist of scoriform, vitreou% 
iwd porous lava, while at a greater depth the mass at- 
a more lithoidal structure, and then becomes 
and more stony as we descend, until at length 
■ able to recognize with a magnifying glau the 
ample minerals of which the rock is composed. Ob 
itrating still deeper, we can detect the constituent 
5 by the naked eye, and in the Vesuvian currenU 
''iliiBtiiict crystals of augite and leucite become apparent 
', The same phenomenon, observes M, Nocker, m^ 
'j^dily be exhibited on a smaller scale, if we detadi 
^ piece of liquid lava irom a moving current. Hie 
^agment cools instantly, and we find the sur&ce 
"■(fovered with a vitreous coat, while the ioterior, al- 
though extremely fine grained, has a more stony dp- 

It must, however, be observed, that although the late- 
re portions of tlie dikes are finer grained than the cen- 
tal, yet the vitreous parting layer before alluded to a 
rfxtremely rare. This may, perhaps, be accounted for, 
m the above-mentioned author suggests, by ibe great 

■ lieat which the walls of a fissure may acquire before 

■ tfae fluid mass begins \,o con«DUd&t£, in. which case the 
Uva, even at the sides, wo\i\i tuaX^etv ^o-n\-j. 
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fissures, also, may be filled from above ; and 
case the refrigeration at the sides would be more rapidlfl 
than when the melted matter flowed upwards from the^ 
volcanic foci, in an intensely heated state. 

The rock composing the dikes of Somma is ii 
compact than that of ordinary lava, for the pressul 
of a column of melted matter in a fissure great^ 
exceeds that in an ordinary stream of lava; and pre* 
sure checks the expansion of those gases which gird 
rise to vesicles in lava. 

There is a teiidency in almost all the Vesuvian dikevj 
to divide into horizontal prisms, which are at right a 
gles to the cooling surfaces *, apheiiomenor 
cordance with the formatioit of vertical columns i 
horizontal beds of lava. 

Minor cones of the PhUgraan Fields. — In the V(fl 
canic district of Naples there are a great number ti 
conical hills with craters on their summits, which hat< 
evidently been produced by one or more explosioQ8,n 
Kke that which threw up the Monte Nuovo in 1538. 
They are composed of tracliytic tuff, which is loose , 
and incoherent, both in the hills and, to a certaii 
&pth, in the plains around their base, but which 9 
indurated below. It is suggested by Mr. Scropc, thflj 
dtis difference may be owing* to the circumst 
tbe volcanic vents having burst out in a shallow bi 
as was the case with Monte Nuovo, where there is a 1 
similar foundation of hard tuff, under a covering of ' 
loose lapilli. The subaqueous part may have become 
fioUd by an aggregative process like that which takes 
place in tlie setting of mortar, while the rest of the 
ejections, liavbg accumulated on dry land when the 

• See WDod-cut, No. 76. p. 385. 
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cone was raised above the waler, may have rema 
in a loose state.* 

Age of the volcanic and associated rocks of Campania. 
— If we inquire into the evidence derivable from 
oi^anic remains, respecting the age of the volcanic 
rocks of Campania, we find reason to conclude that 
such parts as do not belong to the Recent, are refer- 
rible to the newer Pliocene period. In the solid luff 
quarried out of the hilla immediately behind Naples, 
are found recent shells of the genera Ostrea, Cardium, 
Buccinum, and Patella, ail referrible to species now 
living in the Mediterranean .f In the centre of Ischii 
the lofty hill called Eponneo or San Nichola, is com- 
posed of greenish indurated tuff of a prodigious thick- 
ness, interstratified in some parts with argillaceoiu 
marl, and here and there with great streams of indu- 
rated lava. Visconti ascertained by trigonometricil 
measurement that this mountain was 2605 feet aboW 
the level of the sea. In mineral composition and io 
form, as seen from many points of view, it resemUet 
the hill to the north of Naples on the summit d 
which stands the convent of Camaldoli, which is 16*5 
feet in height. I collected in 1828 many recent Uft- 
rine shells from beds of clay and tuff, not far from 'fte 
summit of Eporaeo, about two thousand feet above the 
level of the sea, as also at another locality, about one 
hundred feet below the first, on the southern declivi^ 
of the mountain, and others still lower, not far abore 
the town of Moropano. At Casamicciol, and sevenl 
places near the sea-shore, shells have long been ob- 
served in stratified tuff and clay. From these variout , 

I* Ceol. Trans., vol. ii. putiii. p. 331. Second Serit»^^H 
f Scrope, ibid. ^^^H 
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points I obtained, during a ihort excursion in IschiSf ' 
twenty-eight species of shells, all of which, with one 
exception, were identified by M. Deshityes with re- 
cent species.* 

It is clear, therefore, that the great mass of Epomeo 
was not only raised to its present height above the levd 
of the sea, but was b\bo formed, since the Mediterra- 
nean was inhnbited by the existing species of testacea. 

In the Ischian tuifs we 6nd pumice, lapilli, attgular 
fragments of trachytic lava, and other products of igne- 
ous ejections, in t erst ratified with some deposits of cla; 
&ee from any intermixture of volcanic matter. These 1 
clays might have resulted from the decomposition of I 
felspathic lava which abounds in Ischia, the material. ( 
haviiig been transported by rivers and marine current^ j 
and spread over the bottom of the sea where 
were hving. All these submarine tuffs, lai 
clays of Campania, very muc:h resemble those around. I 
the base of Etna, and in parts of the Val di Nolo bft- I 
jbre described. 

Mxtemal configuration of the cmmtry how caused. — 
^hen once we have satisfied ourselves by inspection J 
of the marine shells imbedded in tuffs at high elevft- i 
^ns, that a mass of land like the island of Ischia has. j 
been raised from beneath the waters of the sea to Its ] 
present height, we are prepared to find signs of tl^J 
denuding action of the waves impressed upon the oii^« I 
ward form of the island, especially if we c 
upheaving force to have acted by successive move- 1 
ments. Let us suppose the low contiguous island of 
Frocida to be raised by degrees until it attains the . 
height of Ischia ; we should in that case expect t 



• See tJie list of ihesi 
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Bleep cUSs wliich now face MiBenum to be carried up- 
wards, and to become precipices near the summit rf 
the central mountaio. Such, perhaps, may have been 
the origin of those precipices which appear oa the 
north and south sides of the ridge which forms the 
summit of Epomeo in Ischia. The northern escarp- 
ment is about one thousand feet in height, rising from 
the hollow called the Cavo delle Neve, above the 
village of Panella. Tlie abrupt manner in which the 
horizontal Hiffs are there cut off, in the face of the 
liff, is such as the action of the sea, working on mH 
jnaterials, might easily liave produced, undemumng 
t«nd removing a great portion of the mass. A heap of 
tdiingle which lies at the base of a steep declivity m 
^tile flanks of Epomeo, between the Cavo delle Neve 
id Panella, may once, perhaps, have beeu a sea-beadit 
it certainly could not liave been brought to tlie 
; by any existing torrents. 
There is no difficulty in conceiving that if a laije 
let of the bed of t]ie sea near Ischia should dow be 
idually upheaved during the continuance of volcanic 
agency, this newly raised land might present a coun- 
terpart to the PhlegrxELQ fields before described. 
Masses of alternating lava and tufT, the products of 
submarine eruptions, might on their emergence be- 
come hills and islands; the level intervening plaiiM 
might afterwards appear, covered partly by tlie ashes 
drifted and deposited by water, and partly by those 
which would fall after the laying dry of tlie track 
The last features imparted to the physical gec^raphy 
would be derived from such eruptions in the open air as 
those of Monte Nuovo and the minor cones of Ischia. 

No siffiis of diluvial waves. — Such n conversion of 
large tract of sea iulo land mig,lit ^mssibly take place 
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while the surface of ihe contiguous country untlerwent 
but slight modification. No great wave was caused 
by the permanent rise of the coast near Puzzuoli In 
the year 1538, because the upheaving operation ap- 
pears to have been tffected by a succession of minor 
ahocka.* A series of such movements, therefore, 
might produce an island like Ischia without throwing 
a diluvial rush of waters upon low parts of the neigh- 
bouring continent. The advocates of paroxysmal ele- 
vations may, perhaps, contend that the rise of Ischia 
must have been anterior to the hirth of all the conea 
of loose scoriie scattered over the Pblegriean Fields ; 
for, according to them, the sudden rise of marine 
strata causes inundations which devastate adjoining 
continents. But the absence of any signs of such 
floods in the volcanic region of Campania does not ap- 
pear to me to warrant the conclusion, cither that 
Ischia was raised previously to the production of the 
volcanic cones, or that it may not have been rising 
during the whole period of their formation. 

We learn from the study of the mutations now in 
progress, that one part of the earth's surface may, for 
an indefinite period, be the scene of continued change, 
while another, in the immediate vicinity, remains sta- 
tionary. We need go no farther than our own country 
to illustrate this principle ; for, reasoning from what 
has taken place in the last ten centuries, we must an- 
ticipate that in the course of the next four thousand 
or five thousand years, a long strip of land, skirting the 
line of our eastern coast, will he devoured by the 
ocean, while part of the interior, immediately adjacent, 
will remain at rest and entirely undisturbed. The 

• See Vol. II. p. 2SG, 
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L vnalogy holds true in regions where the volcanic lim 

1 are at worlc, for part of tlie I'hiloBoplier'e Tower oa 

\ j£tna bus Etood for tlie Inst two tliouHand years, at the 

! ibeight of more tlian nine thousand feet above tlie va, 

, between the foot of the jiighost cone and the edge of 

.the precifiice which overhangs the Val del Bore. 

IiirhilBt lar^e tracts of the auriounding district hive 

. the scones of tremendoua convulsions. The 

\ '{[reat cone above has mare than once been destroyed, 

Jland again renewed; the earth has sunk down in the 

|>iieighbouring Cistcrna 'i Uiu cones oflSlI and 1819 

T.^liBve been thrown up, on the lodge of rock t>elCi 

wuring out of their craters two copious streanu of 

I'lava; the watery deluge of J 755, descending fromth* 

P'desert region into the Vul del Bove, has rolled vnt 

[ . heaps of rocky fragments towards the sea ; £s«utef, 

.'Several miles in length, have opened on the flanbof 

£tna; towns and villages have been laid in ruinib]' 

'earthquakes, or hurk-d under lava and ashes;— yat 

the tower lias stood, as if placed there to commeinofatt 

^.4he stability of one part of the earth's surface, while 

;pthers in immediate proximity have been subject ft 

I most wonderful vicissitudes. 

In concluding what 1 have to say of the marine ud 
\ •volcanic formatione of the newer Pliocene perioil, I 
J may notice the highly interesting fact, that the maiine 
I .Strata of this era have been found at great elevation!, 
k chiefly in those countries where earthquakes he>e 
occurred during the historical ages. On the other 
< hand, it is a still more etriking fact, that there is oo 
, example of any extensive maritime district, now habil- 
I ually agitated by violent earthquakes, which has nod 
' when carefully investigated, yielded traces of marine 
* file lAxnci'e.avi. 
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strata, either of Recent nr newer Pliocene eras, at 
a cDnsidersble height above the sea. 

Chili — Cimceplio7i Baif — In illusrralionof the above 
remarks I may mention, that on the western coast of 
South America marine deposits occur, containing pre- 
cisely the same shells as are now iivhig in the Pacific. 
In Chili, for example, as before stated •, micaceouii 
sand, containing the fossil remains of such species as 
now inhabit the Bay of Conception, are found at the 
height of from 1000 to 1500 feet above the level of - 
die ocean. It is impossible to say how much of this 
rise may have taken place during the JtaxtU period. 
One earthquake appears to have raised this part of the 
Chilian coast, in 1750, to the height of at least twenty- 
five feet above its former level. If we could suppose 
a series of such shocks to occur, one in every century, 
only fiOOO years would be required to uphtl^ the coast 
ISOO feet. But we have no data for inferring that so 
great a quantity of elevation has taken place in that 
space of time; and although thereisnoevidence that the 
micaceous sand may not belong to the Recent period, 
I think it more probable that it was deposited during 
the newer Pliocene period. 

Peru. — I have been informed by JWr. A. Crucb- 
sfaanka, a naturalist who resided for several years in 
Soutli America, that in the valley of Lima, or Kimao, 
where the subterranean movements have been so 
violent m recent times, there are indications not only 
of a considerable rise of the land, but of that rise 
having resulted from successive movements. Distinct 
lines of ancient sea-cliffs have been observed at various 
heights, at the base of which the hard rocks of green- 

• Vol. II. p. 244. 
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Gtone are liollowed out into precisely those forms 
which they now assume between high and low water 
mark on the sliores of the Pacific. Immediately below 
these water-worn lines are ancient beaches strewed 
with rounded bloclis. One of these clifis appears in 
the hill behind HaAos del Pujio, about seven hundred 
feet above the level of the sea, and two hundred abore 
the contiguous valley. Another occurs at Aiuancaw, 
at the height of perhaps two hundred feet above the 
Gea, and others at intermediate elevations. 

Parallel roads nf Coquimbo. — We can hardly doubt 
that the parallel roads of Coquimbo, in Chili, described 
by Captain Hall, owe their origin to similar causek 
These roads, or shelves, occur in a. valley six or seven 
miles wide, which descends from the Andes to the 
Pacific. Their general width is from twenty to fifty 
yards, but they are, at some places, half a mile broad. 
They are so disposed as to present exact counterparts 
of one another, at the same level, on opposite sides of 
the valley. There are three distinctly characteriied 
sets; the upper one lies about three or four hundred feet 
above the level of the sea ; the next twenty yards 
lower; und the lowest about ten yards still lower. 
Each rcRembles a shingle beach, being formed ejitirdy 
of loose materials, principally water-worn, rounded 
stones, from the size of a nut to that of a man's head. 
The stones are principally granite and gneiss, with 
of schistus, whinstone, and quartz mined tn- 
discriminately, and all bearing marks of having been 
by attrition under water. • 

The theory proposed by Captain Hall to explain 
these appearances is the same as that which had bwB 

• CapUin Hair> 
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adopted to account for the analogous parallel roads of 
Glen Roy in Scotlanil. * 'Die valley is supposed to 
have been a lake, tlic waters of which stood, originally, 
at the level of the highest road, until a flat beach was 
produced. ^ portion of the barrier was then broken 
down, which allowed the lake to discharge part of its 
waters into the sea, and, consequently, to tall to the 
second level; and so on successively till the whole 
cmbanknient was washed away, and the valley left as 

As I did not feel satisfied with this explanation, I 
applied to my friend Captain Hall for additional details, 
and he immediately sent me his original manuscript 
notes, requesting me to make free use of them. In 
them I find the following tnteresting passages, omilt«d 
in his printed account : — " The valley is completely 
open towards tho sea; if the roads, therefore, are the 
beaches of no ancient lake, it is difGcult to imagine a 
catastrophe sufficiently violent to carry anay the bar- 
rier, which should not at the same time obliterate all 
traces of the beaches. 1 find it difficult also to ac- 
count for the water-worn character of all the stones, 
for they have the appearance of having travelled over 
a great distance, being wdl rounded and dressed. 
They are in immense quantity too, and much more 
than one could expect to find on the beach of any ' 
lake, and scan raorc properly to belong to the ocean." M 

I had entertained a strong suspicion, before reading! 
these notes, that the beaches were formed by the ' 
waves of the Pacific, and not by the waters of a lake ; 
!n other words, that they bear testimony to the suc- 

* See Sir T. □. Lauder, Zd. Soj'. Soc. Trans., vol. ii.; and 
Dr. MaccuLloch, Gcol. Tratis., 1st Seriei, toI.it. p. SH. 
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cessive rise of the land, not to the repeated fall at the 
waters of a lake. M. Boblaye has discovered four of 
tire distinct ranges of ancient sea-cIiiFj, one above ilie 
other, at various heights, in tlie Morea, wliich attest 
that that country has been upheaved at as many suc- 
cessive periods. He found inland terraces or beaches, 
covered with shells, at the base of precipices worn liLe 
the modern sea-cliffs by Ihe waves, and having, like 
them, many caverns and lithodooious perforations in 
the hard limestone. • 

Near the northern gate of the town of St. Mihiel, 
south of Verdun, in France, I have examined a series 
of markings on the face of the hmestone cliffs, much 
resembling some of those described by M. Bahtuye. 
There are three and sometimes four distinct horizoiilMl 
grooves, which have been scooped out of a while seioi- 
crystallinc rock, or marble, of the oolitic period. This 
ancient cliff, which is near the right bankof the Meuse, 
is in part broken into a number of detached rocks, the 
upper parts of which present in some cases precipitoui 
sides towards all points of llic compass, round which 
the grooves {lass in a circular course, just as if 
the summit of a rocky islet had been worn by the 
waves. ■{- 

• Journ. de GM., Ko. x. Feb. 1831; Bull, do la Soc. Gial 
ie Ftance, Inm. ii, ji. ^36. 

f I haie no data fur speculating an the period at wliich tbcw 
cliffs maj have emerged rroio the sea. I was directed to the spot, 
wluch I visited in June 18.13, b; M. Deahaycs, and I aUIed ia 
Ihe second edition, oti hit oulhority, that the "orn rocli^ were eaten 
into bf marine lithodomous sliclli, but t was unable lo discorer 
any of tliew ; and I believe thai die rosiils of the genus Suits'^ 
which M. Dcshayes procured from this localit]', were of the ag* 
of the corals of the limestone, not of Ihe date of the eicBTatJOD of 
the grooves. The fosail corals of this IbrmatioD (cond rag] fit. 
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Captain Bayfield, in his survey of the coast of the 
Gulf of St Lawrence, traced in several places, especially 
in the Mingan Islands, a succession of shingle beaches, 
the most distant from the shore being sixty feet above 
the level of the highest tides. He also observed 
water-worn pillars of limestone accompanying these 
beaches, which bear evidence of having been worn 
and scooped out at different periods ; tlie marks o 
the successive action of the water agreeing in level 
with the successive ridges of limestone shingle. The 
drawings of the pillars, made to illustrate his memoir, 
convince me that they are counterparts of the worn 
rocks which I have seen at St. Mihiel.* 

If there exist lines of parallel upraised cliff's, we 
ought to find parallel lines of elevated beaches on 
those coasts where the rocks arf of a nature to retain, 
for a length of time, the marks imprinted on their 
BUrface. We may expect such indications to be 
peculiarly manifest in countries where the subterra- 
nean force has been in activity within comparatelj 
modern times, and it is there that the hypothesis of 
paroxysmal elevations, and the instantaneous rise of 
mountain-chains, should first have been put to the 
test, before it was too hastily embraced and extended. 
West Indian Archipda^Q. — According to the sketch 
given by Maclure of the geology of the Leeward 
Islands f , the western range consists in great pari 
of formations of the most modern period. It will 
remembered, that many parts of this region have been 

■juently canluin lithodomouii gIigIIs, which seem to hi 
lOophjrles while tliey were still growing in (he aea. 

• Proceedings of Geol. Stx., No. 33. p. 5. 

t Quart, Joum, of Sci., vol v. p. 31 1. 
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subject to violent earthquakes ; that in St. Vinceot'i 
and Guadaloupe there are active volcanos, and in some 
or the other islands boitiog springs and solfataras. In 
St. Eustiitia there ig a marine deposit, estimated at 
fitteen hundred feet in thickncsG, consisting of cural 
limestone alternating with beds of shells, of which the 
species are, according to Maclure, the same as those 
now found In the sea, These strata dip to the south- 
west, at ail angle of about 45°, and both rest upon, 
and arc covered by, cinders, pumice, and volcanic 
substances. Part of the madreporic rock has been 
converted into silcx and calcedony, and is, in some 
parts, associated with crystalline ['ypsuin. Alternations 
of coralline formations with prismatic lava and dif- 
ferent volcanic substances also occur in Dominica and 
St. Cbristopber's, and the American naturalist remarks, 
that as every lava-current which runs into the sea in 
this archipelago h liable to be covered with corals and 
shells, and these again with lava, we may suppose an 
indefinite repetition of such alternations to constitute 
tlie foundation of each isle. 

I do not question the accuracy of the opinion, that 
the fossil shells and corals of these formations are of 
recent species, for there are specimens of limestone in 
the Museum of tlie Jardin du Roi at Paris, from the 
Antilles, in which the imbedded shells are all or nearly 
all identical with those now living. Part of this lime- 
stone is soft, but some of the specimens are very com- 
pact and crystalline, and contain only the casts of 
shells. Of thirty species examined by M. Deshayei 
from this rock, twenty-eight were decidedly recent 

Honduras. — Shells sent from some of the recent 
strata of Jamaica, and many from the nearest adjoining 
continent of the Honduras, may be seen in the British 
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Museum, and are identified with species now living ii 
the West Indian seas. 

East Indian Archipdago. — We have seen that the^ 
Indian ocean is one of the principal^ the: 
volcanic disturbance ; it is to tie expected, therefore,1 
that future researches in this quarter of the globe n 
bring to light some of the most striking examples ( 
marine strata upraised to great heights during coiiI 
paratively modern periods. 

From the observations of Dr. Jack, it appears thftjj 
in the island of Pulo Nias, off the west coast i 
Sumatra, masses of corals of recent species c 
traced from the level of the sea far into the interiof] 
where they form considerable hills. Large shells ( 
the Chama gigas {Tridacna, Lamk.) are scattere 
over the face of the country, just as they occur o 
present reefs. These fossils are in such a state < 
preservation as to be collected by the inhabitants fi 
the purpose of being cut into rings for the arms a 

Madeira. — The island of Madeira is placed betwet 
the Azores and Canaries, in both of which groud 
there are active volcanos, and Madeira itself i 
violently shaken by earthquakes during the last cet 
tury. It consists in great part of volcanic tuffs a 
porous lava, intersected in some places, as at the BraM 
Head, by vertical dikes of compact lava. \ Some '! 
the marine fossil shells, procured by Mr. Bowdich froil 
this island, are referrible to recent species. 

These examples may suffice for the present, i 
lead us to anticipate with confidence, that in almost al 



• GeoL Train., Second Series, vol. i. pert ii 
f MS. of Cqiuin B. Hall. 
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countries where changes of level have taken place in 
our own times, the geologist will find monuments of a 
prolonged series of convulsions during the Recent and 
newer Pliocene periods. Exceptions may no doubt 
occur where a particular line of coast is sinking down, 
yet even here we may presume, from what we know 
of the irregular action of the subterranean forces, that 
some cases of partial elevation will have been caused 
by occasional oscillations of level, so that modem 
subaqueous formations will, here and there, have been 
brought up to view. 

I shall conclude by enumerating some exceptions to 
the rule above illustrated, — instances of elevation 
where no great earthquakes have been recently ex- 
perienced. 

Grosail, near Nice. — At a spot called Grosueil, near 
Kice, east of the Bay of Villefranche, in the peninsula 
of St. Hospice, a remarkable bed of fine sand occurs 
at an elevation of about fifty feet above the sea.* 
This sand rests on inclined secondary rocks, and is 
filled with the remains of marine species, all iden- 
tical with those now inhabiting the neighbouring seBi 
No less than two hundred species of shells, and se- 
veral Crustacea and echini, have been obtained by 
M, Risso, in a high state of preservation, although 
mingled with broken shells. The winds have blown 
up large heaps of similar sand to considerable heights, 
upon ledges of the steep coast farther westward, but 
the position of the deposit at Grosceil cannot be re- 
ferred to such agency, for among the shells may be 
seen the large Murex Triton, Linn., and a species of 
weighing a pound and a half. 

lamined this localil^, in company »'itii Mr. Miirc1ii»in, 
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Vddevalia. — The ancient beacheH of the Norwegian 
and Swedish coasts, described in the first volume*, in 
whicli the Bhells ore of living species, afford evidence 
of a rise of two hundred feet or more of parts of those 
coasts during the newer Pliocene, if not the Recent 
epoch. These countries ace fnr removed from any 
line of recent convulsions, but we have seen that many 
geologists are of opinion tliat Scandinavia is now the 
theatre of constant and unceasing changes in the 
relative level of the land and Bca. 

West of En<iland. — 'Y\\a proofs lately brought t« 
light of analogous elevations on our western shores, in 
Caernarvonshire and Lancaahire, during some modern 
tertiary period, were before pointed out-)-; but the 
data are as yet exceedingly incomplete. 

Western borders of the Bed Sea. — Another excep- 
tion may be ailuded to, for which we are indebted to 
the researches of Mr. James Burton. On the western 
shores of the Arabian Gulf, about half way between 
Suez and Kosire, in the 28tli degree of north latitude, 
a formation of white limestone and calcareous sand ii 
seen, reaching the licight of 200 feet above the sea. 
It is replete with fossil shells, all of recent species, 
which are in a beautiful state of preservation, many of 
them retaining their colour. J The volcano of Gabel 
Tor, situate at the entrance of the Arabian Gulf, ia 
the nearest volcanic region known to me at present. 

Timor. — In the island of Timor, which approachei 

" Vol. I. p. 338. 

t See description of Ibe Map, Vol. I. p. -iC 

4 Thete rossils are now in the muwum uf Mr. Grvenough,j 
LiHidon, and duplicates, presented bj hitn, in the cabineti 
Geological Society. A liit of theni wu given in App. IL, 
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^^Bery near to the great volcanic band traced by Von 
^^HBuch*, M.Feron mentions' the occurrence of coralsand 
^■marine shells, apparently of recent species f , and Dr. 
Fitton, in his account of CapL King's collection of rocks 
from Australia, mentions a calcareous sandstone and 
breccia, at tlie height of several hundred feet above 
the Bca, on many parts of the Australian coast. X Ma- 
ture observations must decide whether these fomif 
ntions belong to the newest tertiary era, as conjectured. 
Some of the above examples certainly afford proofi 
of elevation, since the commencement of the newer 
Pliocene period, to considerable heights, in countries 
far from the existing theatres of volcanic action ; yet 
in these instances the upraised deposits containing 
recent shells appear in general to be con6ned to the 
coast, and not to enter largely, like those of Sicily, 
into the structure of mountains in the interior. 

But the reader must not infer, from the facts above 
detailed, that marine strata of the newer Pliocene 
period have been produced almost esclusively in coun- 
tries of earthquakes. If our illustrations have been 
drawn chiefly from modern volcanic regions, it is siin- 
ply for this reason, that these formations have been 
made visible in those districts only where the conver- 
sion of sea into land has taken place in times compara- 
tively modern. Other continents have, during the 
newer Pliocene period, suffered degradation, and rivers 
and currents have deposited sediment in other seas, 
but the new strata remain concealed wherever no sub- 
sequent alterations of level have taken place. 

• See Msp, Vol. II. 

t Voy. d^couv. dea Terres AuslraleB, vol. ii. pp. 165. IBS. 

J App. to Captain P. King's AuslroJin. 
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Yet to a certain limited extent the growth of new 
subaqueous deposits may have been greatest where 
igneous and aqueous causes have co-operated. It is 
there that the degradation of land is most rapid, and it 
is there only that materials ejected from below, by 
volcanic explosions, are added to the sediment trans- 
ported by running water. * 

* See book ii. partii. chap, yii.; and book iii* chap, xviii. 
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IS of Idnne — Loe&s of Ihe Valley of die lUiiai 
I recfDt tcrrestckl uid vjuatic shells — Its oiigin — 
s breccias of the newer Pliocene era — Fotsil bones of 
B^SlarsupisI onimals in Ausiralian raves — Newer Pliocene alla- 
is -- Eurapenn alluciums cbieHj lertiu-; — ErraU'c blocks 
le Alps — Tbtiary of tbeir tranaportAliDn by jci;> 

tth^oaier Fortnations. — In this chapter T shall treat 

|f the fresh-water rormations, and of the cave breccias 
pd alluviums of the newer Pliocene period. 
* In regard to the first of these, they must have been 
1 greater or less quantity, in nearly all the 
fSiEting lakes of the world ; in those, at least, of which 
e basins were formed before the earth was tenanted 
If the great lakes of North America ori^- 
Ued before that era, the sedimentary strata deposited 
the ages immediately antecedent, would, 
fccording to the terms of our definition, belong to the 
(wer Pliocene period. 

Valt^ of the Elsa. — > As an example of the strata 
F this age, which have been exposed to view in con- 
iquence of the drainage of a lake, I may mention 
kose of the valley of the Elsa, in Tuscany, between 
plorence and Sienna, where we meet with fresh-watet 
itU and travertins full of shells, belonging to species 
live in the lakes and rivers of It^j, 
Uleya several hundred feet deep have been escay 
. through the luoustrine beds, and the anient 
f Colle stands on a hill composed of I 
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The subjacent formation consists of marine Subapen- 
nine beds, in which more than half the shells are of 
recent species. Tlie fresh-water sliells which I col- 
lected near Colle are in a very perfect state, and the 
colours of the Neritin^ are peculiarly brilliant. • 

Travertins of Rome. — Many of the travertins and 
calcareous tufas which cap the hiUs of Rome may also 
belong to the same period. The terrestrial shells in- 
closed in these masses are of the same species as 
those now abounding in [be gardens of Rome, and tbe 
accompanying aquatic shells are such as arc found in 
the streams and lakes of the Campagna. On Mount 
Aveotine, the Vatican, and the Capitol, we find 
abundance of vegetable matter, principally reeds en- 
crusted with calcareous tufa, and intermixed with vol- 
canic sand and pumice. The tusk of a mammoth haa 
been procured from this formation, filled in the 
interior with solid travertin, wherein sparkling crystals 
of augite are interspersed, eo that the bone has all the 
appearance of having been extracted from a hard 
crystalline rock.-J' 

These Roman tufas and travertins repose partly on 
marine tertiary strata, belonging, perhaps, to the 
older Pliocene era, and partly on volcanic tuff of a 
still later date. Tliey must have been formed in small 
lakes and marshes, which existed before the excav- 
ation of the valleys which divide the seven hills of 
Rome, and they must originally have occupied the 
lowest hollows of the country as it then existed; 

* The following in apecim, all of wbich dqit inhabit Italf, 
were idenlified by M. Dcshayes: — Faladina impura, Nerilau' 
JtiuialUii, Sucanea amphibia, Limnea auricularis, X. pereser., uad 
FUxvutUs cariTtatui. 

f This fostil was shown me 1>; tUgnoi HicuiAi aV %jamc 
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^crGBs noiF we find them placed upon tlie Rummlt of 
|lilb ol)aut livo lmn<Ire<l I'ect ai>ovc the alluvial pllnD 
; Tiber. We know that tliU river lias flowed 
orly ill its present cliatinel ever since the bulIdiDgcf 
^omet and that scarcely any changes in thu googra* 
^ical features of the country have taken place lince 
bat era. 
When the marine tertinry strata of this district WM 
med, thoBo of Monte Mario for example, tlic JiMi* 
Kterninean was already inhabited by a large proporUoa 
r the existing species of testacea. At a subseqaent 
leriod, volcanic eruptions occurred, and tuffs were nt- 
■perimposed. The marine formation then emergtd 
Vfh)m the deep, and supported lakes wherein the ftoA^ 
f water groups above described slowly accumulated, il 
I a time when the mammoth inhabited the counti7> 
I The valley of the Tiber was aftcrwarda excavated, imd 
I the adjoining hills assumed their present shape, and 
I then a long interval may, perhaps, have elapsed before 
I the first human settlers arrived. Thus we have 
evidence of a chain of events, all regarded by tli« 
I geologist as among t!ie most recent, but which, ne- 
vertheless, may have preceded, for a long series of 
Igea, a very remote era in the history of nations. 
Loas of the Vallet/ of Hie Rhine.* — A rcmurkaU* 

* Sines thv publication oF the Tonner edition oF this volnB^ I 

!m*c had opportunities of re-oxamining (lie tuos in dw eatlBJ 

I between Cologne and Ituidelberg, especially near ADdcTTMcb,Ml 

I dT itudying it in kercral partt of Baden, DamiBtadl, WurMnbd^ 

lu. Tbe tletoilii oT tlicse obKrvalioni lian bmn |lm 

ilr read to the Geological 8ocii?ly in Majr, 1S34, *lMI 

I lelplaincd at lenglli my ri'SBOns rorcliuigingandniodityiDgMiDi 

O[dniona formtrly expreswd in regard to ihu origin of Uie Lifa^ 

ud ItirvUtians tuiI\avo\cuuE(oniA\ikDm>iCdM Loner fiUU. 
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deposit of calcareous loam, coninining land antl Tresli- 
water uhells of recent B{>ecies, occurs here and tlierc, 
in detached pntclies, tlirougliout llie valley ol' the 
Rhine, between Haale and Cologne, and on the flanks 
of the hills bordorinf; the great valley. This deposit 
is provinciully termed " loess " by tJie Germans, and 
in Alsace, " lehni." 

According to M. Leonhard, the loess at Heidel- 
berg consists chiefly of argillaceous matter, combined 
with a sixth part of carhonate of lime, and a sixth of 
quartzose and micaceous sand. It may be described 
as a pulverulent loam, of a dirty yellowish -grey colour, 
often containing calcareous sandy concretions or no- 
dules, rarely exceeding the size of a man's head. Iti 
entire thickness, in sunie localities, amounts In be- 
tween two hundred and three hundred feet; yet there 
are often no signs of stratification in the muss, except 
here and there at tha bottom, where there is occa- 
■tonally a slight intermixture of drifted materials de- 
rived from subjacent rocks. 

I am informed by M. Stadcr, that the louss does 
not extend into Switzerland, but the Kaiscrstuhl, n 
group of volcanic hills which stand almost in the 
middle of the plain of tlie Rhine, south of .Sirusburgi 
are covered with it to a great height; and I have seen 
it in large masses neiir the base of the Vosges, on 
the left side of the plain of the Rhine, near Strasburg, 
and on the right side, at the base of the mountain* 
of the Black I'orest. It extends also far into Wur- 
temberg, up the valley of the Neckar, and from 
Frankfort, up the valley of the Mnyne, to above Dcttel- 
bach. In Nassau it is seen at Limburg, in the valley 
of the Lahn ; and in Darmstadt, in the countries round 
Mayence, Oppenheim, and Worms. 
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a considerable height at Zeuten and 
Odenau, east of the Rhine, at a short distance from the 
Bergstrasse, between Wiesloch and Bruchaat, a locality 
first pointed out to me fey Professor Bronn, where it 
is several hundred feet thick, and contains, both ia 
the sofl loam and in solid calcareous concretions, 
many shells, some of which retain occasionally their 
colour. Tlie lower p&rta of this loess alternate with 
beds of alluvium derived from the degradation of the 
variegated sandstone and mari (hunter sandstein), of 
which the surrounding country is composed. 

As the pure loess exhibits no divisions into strata, 
I at first imagined, with several other geologists, that 
ttiis deposit was thrown down suddenly from the 
muddy waters of a transient Hood, in the same man- 
ner as the moya of the Andes, or as the trass of the 
Rhine volcanos is generally believed to have been 
formed. But on re'Cxaniining the places where loess 
and alluvium, or loess and layers of volcanic matter 
alternate, I am compelled to renounce this view. 
In the deep gravel-pits without the Manheim gate of 
Heidelberg, loess is seen interstratified with gravel; 
and here more than one bed containing land and 
fresh-water shells rests upon, and is covered by, a stra- 
tum of gravel, showing the effects of successive ac- 
cumulation. I observed the same fact in the valley 
of the Lahn, north of Limburg, near tlie village 
of Eh ; and Professor Bronn informs me, that the 
calcareous concretions of the loess are somedniet 
arranged in horizontal layers, marking a difference in 
'the carbonate of lime with which tlie sediment must 
'have been charged at different periods. 

MammiferouB remains are rare in the loess ; but it it 
said that the bones of the mammoth, horse, and sotne 
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Other quadrupeds, have been met with : but the most 
characteristic fossils are land-shells ; and it will natu- 
rally be asked in what manucr so prodigious a <]uanti^ 
of such shells could become buried at various depths 
in a subaqueous deposit. The answer is, that the 
Rhine, in our own times, bears down annually to the 
sea thousands of empty snail -shells, washed away 
during heavy rains, together with the floating shells 
of aquatic moUusca from streams, lakes, and stagnant 
pools. In the summer of 1833, I collected several 
hundred shells, which were exposed on the margin of 
the Rhine, on the fall of the waters, or had heea cast 
ashore by large waves raised by the steam-boats ; and 
on comparing them with a still larger collection oh- 
tained from the loess, the two groups proved to be 
referrible for the most part to identical species, and in 
both the terrestrial predominated numerically over the 
aquatic species. The genera most abundantly repre- 
sented in each were Hehx, PupO) Limnea, Paludina, 
and Planorbis. But among the recent shells of the 
Rhine, the Unio and Neritina sometimes occurred; 
genera of which I never found any species in the 
loess. " 

Now, it has been ascertatned, that the waters of the 
Rhine, when evaporated, leave a residuum of calcare- 
ous loam, not distinguishable from loess f ; so that, if 

• In a former edition, I included in e. lisl of loess shelU (Ap- 
pendii, p. 5R.) Cycias palustris, Drop., and C. locustris, ib., but 
I haw since ascertained that the shells in question had been 
brought to the field where I picked thein up, in mud, used to 
fertiliic the soil. The only bivalves I ever saw in loess wert^ 
Cyclaa fonlinalis, Drap., at Odenaii. 

f See Mr. Horner, on the sediment of the Rhine, Fraceedingi 
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Miese waters should enter a lake, they might give rise 
to a deposit, not only cuntuining the same shells as the 
loess (with the exception of some fluviatile species), 
but having also the game mineral characters. 

The loess is found reposing on every rock, from the 

granite near Heidelberg, to the gravel of the plaitw 

„ of the Rhine, It overlies almost all the volcanic pro- 

|. ducts, even those between Neuwied and Bonn, which 

I have the most modem aspect ; and it has filled up, in 

, the crater of the lioderberg ; at the bottom of 

^bich a well was sunk, in 1833, through seventy feet of 

Here, as elsewhere, it is a yellow loam with 

B concretions, and has not the character of S 

^ocal alluvium. 

s remarkable, indeed, that the loess is scarcely 
l«Ter affected by the nature of the rocks which underlie 
E or immediately surround its site, but wherever it occurs 
Lj^pears as if derived from one common source- 
visiting the sections near Andemach, whidi 
liRve been appealed to by MM. Steininger, Hibbert. 
ud others, as proving that some of the last eruptiou 
f the Lower Eifel took place both during and since 
■the deposition of the loess, I found it impossible not 
; to the same conclusion. The loamy sedi- 
Btnent may be seen in the Kirchweg, above Anderaadi, 
■Iternating with volcanic matter, over which is a mas< 
f pure and unmixed loess, thirty feet and upwards 
I thickness, containing the usual shells; and over 
die whole are strewed layers of pumice, lapilli, and 
Erolcanic sand, from ten to fifteen feet thick, very 
loiuch resembling the ejections under which Pompeii 
pies buried. There is no passage at this upper junc- 
1 from the loess into the pumiceous superstratum; 
uid this last follows ilie slo^e of the hill, jutt at it 
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would have done had it fallen in showers from the air 
on & declivity partly formed of loess. 

The greatest known height attained by the loess is 
near Heilbronn, where it covers the slopes of some 
hills two or three hundred feet above the Neckar ; that 
river being there about five hundred tect above the 
sea. Whatever theory we adopt to explain the posi- 
tion of such elevated masses, it must always be evi- 
dent, that great geographical changes have taken place 
in the countries bordering the Rhine since some of 
the loess was formed, and, consequently, since the 
recent species of terrestrial and aquatic shells were in 
existence. 

On the other hand, when we find the loess over- 
lying the gravel of the Rhine near Strasburg, Bonn, 
L JHid other places, we are compelled to admit that a 

est part of it was formed afier the country had 
njuired nearly its present configuration. The first 
idea which has probably occurred to every one, after 
examining the loess between Mayence and Basle, is, 
to imagine that a great lake once extended through- 
out the valley of the Rhine between those places, 
which sent oiF large branches up the course of the i 
Mayne, Neckar, and other tributary valleys. The bar- 
rier of such a lake might be placed somewhere in the 
narrow and picturesque goi^e of the Rhine between 
fiingen and Bonn. But this theory is insullicient to 
explain the phenomena; for that gorge itself has once 
been filled with loess, which must have been tran- 
quilly deposited in it, as also in the lateral valley of 
the Lahn, communicating with the gorge. The loess 
has also overspread the high adjoining platform near 
the village of Plaidt, above Andemach, Nay, on pro- 
^<;eeding farther to the north, we dlacoNer 'ftvB.x. ftvt\H&fc 
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which skirt the valley between Bonn and Cologne hatt 
loess on their flanks, which also covers here and there 
the gravel of the plain as far as Cologne. 

Instead of supposing one continuous lake of suf- 
ficient extent and depth to allow of the simultanemu 
accumulation of the loess at various heights, through- 
out the whole area where it now occurs, it might be a 
less violent hypothesis to assume, that the countries 
drained by the Rhine and its tributaries, after they had 
nearly acquired their actual form and leading geogra- 
phical features, underwent great changes of level, by 
movements contemporaneous with the last series of 
volcanic eruptions of the Lower Eifel. Different parti 
r of this region may have been alternately depressed 
I and upraised in such a manner that they were each 
their turn submerged beneath the waters of 
fthe Rhine, and covered with its sediment and float- 
5 shells. Gravel may have been intermingled in 
I some places where the tributaries of the Rhine 
r brought down coarser alluvium. After various tracts 
\ had thus been inundated in succession, covered with 
\ loess, and tlien laid dry, the larger portion of the loest 
t have been removed by denudation ; a process 
which is still going on continually, as the particles 
fine a loam allow of their being washed away 
I very readily by rain. 

is not, I think, impossible that some of Uk 
' newly-formed lakes in the basin of Red River, in 
l/ouisiana, before described*, may have been occa- 
sioned by changes in the relative level of the lands 
there flooded ; for the valley of the Mississippi is one 
of the modem theatres of earthijuakes. Now, the 



course of Red Hiver far exceeds in length, and is indeed 
nearly double, that of the Rhine ; and whatever may 
be the causes which are giving rise to the successive 
submergence of its plains, they must also occasion the 
accumulation in many parts of that great valley of 
the red ochreous sediment bo peculiar to Red River. 

If the fluctuations in the relative levels of this 
great American valley should, in the course of ogee, 
be so important as to produce elevations and subsid- 
ences to the amount of several hmidred feet, the re- 
sults, in regard to the superficial distribution of red 
fiuviatile mud, might be very analogous to those ob- 
served in the position of the yellow loess in the valley 
of the Rhine above considered.* 

Osseous Breccias — Sicily. — The breccias lately 
found in several caves in Sicily belong evidently to 
the period under consideration. I have shown, in the 
sixth chapter, that the cavernous limestone of the 
Val di Noto is of very modern date, as it contains a 

No. 77. 




a, Alluvtutn, 

6, b. Depo«[9 in c 

C. Limestone containing remains of recent shells. 



ihard. Bout, VolU, Noeggeral 
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great abundance of fossil shells of recent species! and 
if any breccias are found in the caverns of this rodtj 
they must be of still later origin. 

We are informed by M, Hoffmann, that the bouei 
of the mammoth, and of an extinct species of hippo- 
potamus, have been discovered in the stalactite of 
caves near Sortbo, of which the situation is repre- 
sented in the annexed diagram at &. The same sn- 
thor also describes a breccia, containing the bones of 
an extinct rhinoceros and hippopotamus, in a cave in 
the neighbourhood of Syracuse, where the county 
is composed entirely of the Val dl Noto limestiHie, 
Some of the fragments in the breccia are perforated 
by Lithodomi, and tlie trhole mass is covered by ■ 
deposit of marine clay filled with recent sheUs, * 
These phenomena may, 1 think, be explained by sup- 
posing such oscillations of level as are kaown to occm 
on maritime coasts where earthquakes prevail — suchi 
in fact, as have been witnessed on the shores of ibe 
Bay of Baije within the last three centuries, f For 
it is evident that the temporary submergence of a 
cave filled with osseous breccia might aiford time for 
the perforation of the rock by boring testacea, and 
for the deposition upon it of mud, sand, and shells. 

The association in these and other localities of 
shells of living species ivith the remains of extinct 
mammalia is very distinct, and corroborates the m- 
ference adverted to in a former chapter, that the lon- 
gevity of species in the mammalia is, upon the whol^ 
inferior to that of the testacea. I am by no mew 

■ Ho&iuann, Archiv fiir Mineralogie, p. 393. Berlin, IBSL 
Dr. Christie, Proceedings of GeoL Sot, No. K 
t Vol. II. p. 235- 
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inclined to refer tliis circumstance to the interven- 
tion of man, and his power of extirpating the larger 
quadrupeds ; for tlie succession of niamtniferous spe- 
cies appears to have heen in like manner comparatively 
rapid throughout the older tertiary periods. Their 
more limited duration depends, in all probability, on 
physiological laws, which render warm-blooded qua- 
drupeds less capable, in general, of accommodating 
themselves to a great variety of circumstances, and, con- 
sequently, of surviving the vicissitudes to which the 
earth's surface is exposed in a great lapse of ages. * 

Caves near Palermo. — The caves near Palermo 
exhibit appearances very analogous to those above 
described, and much curious information has been 

No, 78. 



a. MonlB Grifone. b. Cbte of San Cifo. 

e. Plain or Palermo, in which are newer Pliocene mriil* of 
limestone and sand. 
if. Bay of Pa1emio.-|- 

• See abote, p. 48., and book i. chap. vi. 

t This seciion is giycn by Dr. Christie, as of the Cave of San 
Clro. Ed. New Phil. Journ., No. xiiii. Its geographical poii- 
tioD and oilier chiiracters ngrce so precisely with that of Mardolce, ~ 
described by M. HoSmatm, Ibat ie may be anotlier name for the 
saino cave, or one immediately adjoining. An account has since 
appeared of the San Giro cove, by Mr. S. P. Pratt, F.G.8.: see 
ProcecdinijB of Gcol. Soc. of London, No. xi.vu, lf>^%. 
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Mely publiBhed respecting them. According to Hoff- 
otta of Miirdolce is distant about two 
miles frum Pulermo, and 13 twenty feet high and ten 
wide. It occurs in a secondary limestone, id the 
Monte Grifone, at the base of a rocky precipice about 
180 feet above the sea. From the foot of this preci- 
pice an ioclined plane, consisting of horizontal tertiary 
strata, of the newer Pliaceae period, extends to the 
sea, a distance of about a. mile. 

one escarpment was evidently once a 
[ aea-cliff, and the ancient beach still remains formed of 
pebbles of various rocks, many of which must have 
L been brought from places far remote. Broken piece* 
f coral and shell, especially of oysters and pectenj, 
n intermingled with the pebbles. Immediately 
;he level of tliis beach, serpuJee are still found 
■'Adhering to the face of the rock, and the limestone it 
^perforated by lithodomi. Within the grotto, also, at 
level, similar perforations occur; and M 
s are tlie holes, that the rock is compared bj 
Hoffmann to a target pierced bj' musket-balls. But 
in order to expose to view these marks of boring-BfaeQ) 
rin the interior of the cave, it was necessary first to re- 
a mass of breccia, which consisted of numerous 
[•fragments of rock and an immense quantity of booea 
a dark brown calcareous marl. Many of 
wtbe bones were rolled as if partially subjected to the 
I of the waves. Below this breccia, which is 
•about twenty feet thick, was found a bed of sand filled 
l.with sea-shells of recent species, and underneath the 
Irund, again, is the secondary limestone of Monte Gri- 
P'fbne. The state of the surface of the limestone in the 
[ cave above the level of tlie marine sand is very differ- 
[ ent from that below it. Above, tlie rock is jagged and 
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uneven, as is usual in the roofs and Bides of lime- 
stone caverns ; below, the surface is smooth and 
polished, as if by the attrition of the waves. 

So enormous was the quantity of bones, that many 
ship-loads were exported in the years 1829 and 1830, 
in the hope of their retaining a sufficient quantity of 
gelatine to serve for refining sugar; for wliich, how- 
ever, they proved useless. The bones belong chiefly 
to the mammoth (E.primi^emus), and with them are 
those of an hippopotamus, distinct from the recent 
species, and smaller than that usually found fossil. 
Several species of deer, also, and, according to some 
accounts, the remains of a bear, were discovered. 

It is easy to explain in what manner the cavern of 
Mardolcc was in part filled with sea-sand, and how the 
surface of the limestone became perforated by lithodomi; 
but in what manner, when the elevation of the rocks 
and the ancient beach had taken place, wa.s the super- 
imposed osseous breccia formed ? For want of more 
exact local details, it would be rash to speculate on tfaU 
subject ; but by referring to what was previously said 
of caverns near the sea-shore of the Morea, from which 
rivers escape, the reader may conceive that caves, after 
liaving been submerged and filled with sea-sand, may 
afterwards be upraised and flooded by the waters of 
engulphed rivers washing down animal remains from 
the land.* 

Two other caverns are described by Dr. Christie as 
occurring in Mount Beliemi, about four miles west of 
Palermo, at a higher elevation than that of Mardolce, 
being more than three hundred feet above the level of 
the sea. In one of these places the bonesarefound only 

• Stc p. 155. 



in 8 talus at the outside of the cavern; tn the other, 
they occur both within the cave and in the talus which 
slopes from u to the plain below. These caves appear 
to be situated much above the highest point attained 
by the tertiary deposits in this neighbourhood ; nor is 
there the slightest appearance in the caves thcmselvet 
of the sea having been there.* 

Austraiian cave-breccias. — Ossiferous breccias have 
lately been discovered in fissured and cavernous lime- 
stone in Australia, and the remains of the fossil mam- 
malia are found to be referrible to species now living in 
that country, mingled with some relics of extinct 
animals. Some of these caves have been examined by 
Major Mitchell, in the Wellington Valley, about 210 
miles west of Sydney, on the river Bell, one of the principal 
sources of the Macquarie,andon theMacquarie itself. 

The fissures and caverns appear to correspond 
closely with those which contain similar osseous brec- 
cias in Europe : they often branch off in ditferent di- 
rections through tlie rock, widening and contracting 
their dimensions, the roofs and floors being covered 
with stoluctitc. The bones are often broken, but do 
not seem to be water-worn. In some caves and 
fissures they lie imbedded in loose earth, but usually 
they are included in a breccia, having a red ochreou* 
cement as hard as limestone, and like that of the 
Mediterrnnean caves. 

The remains found moat abundantly are those of 
the kangaroo. Amongst others, those of the Wombat 
Dasyurus, Kuola, and PhaJangista, have been recog- 
nized. The greater part of them belong to existing, 

• Dr. T, Cliristie, on certain Newor Dvpcnita in Sicily, &c. — 
JuDiaiya, Ed. New Phil, Joiun., No. ixiii. p. I. 
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but some to extinct, species. One of the latter bones, 
of mucli greater size than the rest, is supposed, by 
Mr. Clift, to belong to an hippopotamus. * 

In a collection of these bones sent to Paris, Mr. 
PentJand thought he could recognize a species of 
HalmaturuB exceeding in size the largest living kan- 
garoo, f 

These facts are full of interest, for they prove that 
the pecuiiar type of organisation which now character- 
izes the marsupial tribes has prevailed from a remote 
period in Australia, and that in tliat continent, as in 
Europe, North and Soutli America, and India, some 
species of mammalia have become extmct. It also 
appears, although the evidence on this point is still 
incomplete, that among the extinct were land quadru- 
peds far exceeding in magnitude any of the wild 
animals now inhabiting New Holland. :|: 

Newer Pliocene Alluviums, — Some writers have 
attempted to introduce into their classification of geo- 
logical periods an alluvial epoch, as if the transport- 
ation of loose matter from one part oJ' the surface of 
the land to another had been the work of one particu- 
lar period. 

With equal propriety might they have endeavoured 
to institute a volcanic period, or a period of marine 
or fresh-water deposition; for alluvial formations must 

• Mr. Clift, Ed, New Phil. Joum., No. it. p. 394. Major 
Mitchell, Froceedinga of Geo]. Soc., 18S1, p. 331. 

f Journ. de Geologie, [omeiii. p. 391. The bone racntioDed 
as lint of an ekphiml, by Mr. Pentland, was the same large bone 
■Uuded to by Mr. Clift. 

\ For remarks on Iho mode in nhiuh these caverns may hare 
been tilled with oaseou* breccias, see p. 152. 
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have originated in every age*, aince the surface of 
the earth was first divided into land and sea, but 
most rapidly io any given district at those periods 
when land has been upheaved above, or depreised 
below, its former level. 

If those geologists who speak of an " alluvial 
epoch " iotend merely to say that a great part of the 
European alluviums are tertiary, there may un- 
doubtedly be some truth in the opioion; for the larger 
part of the existing continent of Europe has emerged 
from beneath the waters during some one or other 
of the tertiary periods f ; and it is probable, that even 
those districts which were land before the commence- 
ment of the tertiary epoch, may have shared in the 
subterranean convulsions by which the levels of sd- 
joining countries have since been altered. Durmg 
such subterranean movements new alluviums might 
be formed in great abundance, and those of more 
KDcient date so modified as to retain scarcely any of 
their original distinguishing characters. 

Durmg the gradual rise of a large area, first from 
beneath the waters, and then to a great height above 
them, several kinds of superficial gravel must be 
formed and transported from one place to another. 
When the first islets begin to appear, and the break- 
ers are foaming upon the new-raised reefs, many 
rocky fi-agments are torn off and rolled along the 
bottom of the sea. 

Let tlie reader recall to mind the action of the 

les and currents off the coast of Shetland |, where 
locks of granite, gneiss, porphj-ry, and serpentine, 



i See Vol. I. p. 38S. 
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of enormouB dimensions, are continually detached 
from wasting clifls duriog storms, and carried in a 
few hours to a distance of many hundred yards from 
llie parent rocks. Suppose the floor of the ocean, 
after being thus strewed over with detached blocks 
and pebbles, to be converted partially into land ; the 
geologist might then, perhaps, search in vain for the 
masses from which the fragments were originally de- 
rived, since part of these may have been consumed 
by the waves, and the rest may remain submerged 
beneath them. 

If this new land be then uplifted to a considerable 
height, the marine alluvium before alluded to would 
be raised up on the summits of the hills and on the 
surface of elevated platforms. It might still consti- 
tute the general covering of the country, being want- 
ing only in such valleys and ravines as may liave been 
caused by earthquakes, or excavated by the power of 
running water during the rise of the land ; for the 
alluvium in those more modern valleys would consist 
partly of pebbles washed out of the older gravel be- 
fore mentioned, but chiefly of fragments derived from 
the rocks which were removed during the erosion of 
the valleys themselves. 

JErralic blocks. — Blocks of extraordinary magnitude 
have been observed at the foot of the Alps, and at 
a considerable height in some of the valleys of the 
Jura, exactly opposite the principal openings by which 
great rivers descend from the Alps. These fragments 
have been called " erratic," and many imaginary causes 
have been invented to account for their transport- 
ation. Some have talked of chasms opening in the 
ground immediately below, and of huge fragments 
having been cast out of them from the bowels of tl 
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^^^nartli. Othcre have referred to the ileluge, an agent 
^^Hln which a simple solution is so often found of ereiy 
^^H difficult problem exhibited by alluvial phenomena; and 
more recently, the sudden rise of mountain-chainBhai 
been introduced as a cuuse which may have given rin 
to diluvial waves, capable of devastating whole conU- 
nents, and drilling huge blocks from one part of the 
earth's surface to another. 

It seems ijecessary to suppose that the Jura (»tce 
formed a prolongation of the Alps, and that lai;ge 
fragments of rock were, at a remote period, detached 
from the Alpine summits, and transported to lower 
hills or platforms, which were destined afterwards to 
be upraised and to forin the independent chain now 
called the Jura. Ice, as has been often suggested, may 
have contributed its aid to the transfer of such blocki ; 
for some of tiie masses are so enormous, that not even 
a flood like that in the valley of Bagnes, in 1818*, can 
be supposed to have conveyed them to considerabte 
distances by the power of water alone, 

That the Alps must have been moved and Bhaken 
by earthquakes at periods comparatively modem, ii 
evident from the fact that they are skirted on their 
northern, southern, and eastern flanks by matiiie 
tertiary strata. When these were raised into their 
present position, to the height of many hundred 
feet above the sea, the whole of the older chun nuut 
have participated in the convulsions. 

It is important, therefore, to consider what wodd 
now happen if regions lite that of Mont Blanc were 
r Bubjected to earthquakes. Large fragments of rock, 

detached by the action of rain and frost from tfee 
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peaks, or << needles, " as they are called, of Chamouni,^ 
fall annually on the surface of the glaciers, and are 
gradually transported by ice to the distance of 
many leagues into the valleys below.* The shock 
of an earthquake would throw down a prodigious load 
of similar but far heavier masses, accompanied by 
avalanches of snow and ice, by which the moraine of 
the glacier would be greatly enlarged. If the shocks 
took place on the eve of a thaw in spring, when the 
accumulated snows of winter were beginning to melt, 
they would cause almost every where immense ava- 
lanches, by which many narrow gorges might be choked 
up, so that the valleys above such barriers of snow, 
ice, and rock would be converted into lakes. Portions 
of the rent glaciers, moreover, would at their lower 
extremities be covered with water, and might be 
floated off together with incumbent and included 
fi:agments of rock. At length, on the bursting of the 
temporary barrier, the whole mass of waters, together 
with huge rocks buoyed up by ice, would descend 
with tremendous violence into the lower country. 

SicUy. — Assuming, then, that almost all the Eu- 
ropean alluviums are tertiary, we have next to in- 
quire which of them are of newer Pliocene origin. 
It is clear that, when a district, like the Val di Noto, 
is composed of rocks of this age, all the alluvium upon 
the surface must necessarily belong either to the 
newer Pliocene or the Recent epoch. If, therefore, 
the elevation of the mountains of the Val di Noto 
was chiefly accomplished antecedently to the recent 
epoch, we must at once pronounce all alluviums, in 

• See Vol. I. p. 255. 
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the position indicated at a, diagram No. 77. (p. 415.), 
to belong to the newer Pliocene era. I saw gravel (o 
situated at Grammictiele in Sicily, and was infonned 
I that it contained the bones of the mammoth. 
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